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(57) ABSTRACT 

The present invention discloses processes for preparing 
piperidine derivative compounds of the formulae: 

B 

C).O. 
-R 

(O)n O 

R2 

A. 

th 
CH 

-continued 

wherein 

n is 0 or 1; 

R" is hydrogen or hydroxy; 
R’ is hydrogen; 

or, when n is 0, R and R taken together form a 
second bond between the carbon atoms bearing R' 
and R, provided that when n is 1, R' and R are 
each hydrogen; 

R is -COOH or -COOR; 

R" is an alkyl or aryl moiety; 

A, B, and D are the Substituents of their rings, each 
of which may be different or the same, and are 
Selected from the group consisting of hydrogen, 
halogens, alkyl, hydroxy, alkoxy, and other Sub 
Stituents. 
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PROCESS FOR PRODUCTION OF PIPERDINE 
DERVATIVES 

FIELD OF THE INVENTION 

0001. The present invention relates to processes for the 
production of piperidine derivatives. 

BACKGROUND OF THE INVENTION 

0002 Terfenadine, 1-(p-tert-butylphenyl)-4-4'-(C-hy 
droxydiphenylmethyl)-1'-piperidinyl-butanol is a non-Se 
dating anti-histamine. It is reported to be a specific H-re 
ceptor antagonist that is also devoid of any anticholingeric, 
anti-Serotoninergic, and anti-adrenergic effects both in vitro 
and in vivo. See D. McTavish, K. L. Goa, M. Ferrill, Drugs, 
1990, 39, 552; C. R. Kingsolving, N. L. Monroe, A. A. Carr, 
Pharmacologist, 1973, 15, 221; J. K. Woodward, N. L. 
Munro, Arzneim-Forsch, 1982, 32, 1154; K. V. Mann, K. J. 
Tietze, Clin. Pharm. 1989, 6,331. A great deal of effort has 
been made investigating structure-activity relationships of 
terfenadine analogs, and this is reflected in the large number 
of U.S. patents disclosing this compound and related Struc 
tures as follows: 

0003 U.S. Pat. No. 3,687,956 to Zivkovic 
0004 U.S. Pat. No. 3,806,526 to Carr, et. al. 
0005 U.S. Pat. No. 3,829,433 to Carr, et. al. 
0006 U.S. Pat. No. 3,862,173 to Carr, et. al. 
0007 U.S. Pat. No. 3,878,217 to Carr, et. al. 
0008 U.S. Pat. No. 3,922,276 to Duncan, et al. 
0009 U.S. Pat. No. 3,931,197 to Carr, et. al. 
0010 U.S. Pat. No. 3,941,795 to Carr, et. al. 
0.011 U.S. Pat. No. 3,946,022 to Carr, et al. 
0012 U.S. Pat. No. 3,956,296 to Duncan, et al. 
0013 U.S. Pat. No. 3,965,257 to Carr, et. al. 
0014 U.S. Pat. No. 4,742,175 to Fawcett, et. al. 

0.015. In animal and human metabolic studies, terfena 
dine has been shown to undergo extensive hepatic first-pass 
metabolism, and after usual dosages it cannot be detected in 
plasma unless very Sensitive assays are used. A specific 
hepatic cytochrome P-450 enzyme converts terfenadine to 
the major metabolite 4-4-4-(hydroxydiphenylmethyl)-1- 
piperidinyl)-1-hydroxybutyl-C-C-dimethylphenylacetic 
acid, also known as terfenadine carboxylic acid metabolite. 
This metabolite can be readily detected in plasma and is 
considered to be the active form of orally administered 
terfenadine. 

0016 Side effects reported with terfenadine are cardiac 
arrhythmias (ventricular tachyarrhythmias, torsades de 
points, Ventricular fibrillation), Sedation, GI distress, dry 
mouth, constipation and/or diarrhea. The most Serious of 
these, and potentially life threatening, are cardiac arrhyth 
mias, which are related to terfenadine's ability to prolong the 
cardiac QT interval, and are only reported in patients admin 
istered terfenadine with liver disease or who also take the 
antifungal drug ketoconazole or the antibiotic erythromycin. 
As a result of these adverse events, the FDA, in 1992, 
required terfenadine to include a warning label. Although 
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OTC formulations of terfenadine are purportedly being 
developed, the potentially Serious Side effects Seen in Some 
patients will be a significant obstacle for regulatory 
approval. 

0017. Since cardiac side effects of terfenadine have been 
reported in patients with impaired liver function, as well as 
in patients also taking antibiotics known to Suppress hepatic 
enzyme function, it was Speculated that the cardiac side 
effects were due to accumulation of terfenadine and not due 
to accumulation of terfenadine carboxylic acid metabolite. 
Patch clamp Studies in isolated feline Ventricular myocytes 
Support the contention that terfenadine, and not the carboxy 
lic acid metabolite, is responsible for cardiac side effects. At 
a concentration of 1 uM, terfenadine caused a greater than 
90% inhibition of the delayed rectifier potassium current. At 
concentrations up to 5 uM, the terfenadine carboxylic acid 
metabolite had no significant effect on the potassium current 
in this assay (See R. L. Woosley, Y. Chen, J. P. Frieman, and 
R. A. Gillis, JAMA 1993, 269, 1532). Since inhibition of ion 
transport has been linked to cardiac abnormalities Such as 
arrhythmias, these results indicate that terfenadine carboxy 
lic acid is likely not liable to cause cardiac arrhythmias, at 
dose levels at which there is a distinct risk of Such a side 
effect being caused by terfenadine itself. 

0018 Carebastine, 4-4-4-(diphenylmethoxy)-1-pip 
eridinyl)-1-oxobutyl-O.C.-dimethylphenylacetic acid, is the 
carboxylic acid metabolite of ebastine, 1-(p-tert-butylphe 
nyl)-4-4'-(C-diphenylmethoxy)-1'-piperidinyl-butanol. 
Both compounds possess potent Selective histamine H-re 
ceptor blocking and calcium antagonist properties and 
should prove useful in the treatment of a variety of respi 
ratory, allergic, and cardiovascular disease States. 

0019. These compounds relax bronchial and vascular 
Smooth muscle in vitro and in vivo and inhibit the constrictor 
influence of noradrenaline, potassium ions, and various 
other agonist drugs. The compounds also inhibit responses 
of intestinal and tracheal preparations to histamine, acetyl 
choline, and barium chloride and block the bronchoconstric 
tion induced by histamine aeroSol in guinea pigs in doses 
less than 1 mg/kg animal body weight administered orally. 
They also possess antianaphylactin properties in the rat, 
inhibit the skin lesions to a variety of anaphylactic mediators 
(histamine, 5-hydroxytryptamine, bradykinin, LCD, etc.), 
and antagonize the Schultz-Dale response in the Sensitive 
guinea-pig. 

0020 Piperidine derivatives related to the terfenadine 
carboxylic acid metabolite are disclosed in the following 
U.S. patents: 

0021) 

0022) 

0023 

0024 
0025 In these patents, 4-4-4-(hydroxydiphenylm 
ethyl)-1-piperidinyl)-1-hydroxybutyl-C,C-dimethylbenze 
neacetic acid and related compounds are prepared by alky 
lation of a substituted piperidine derivative of the formula: 

U.S. Pat. No. 4,254,129 to Carr, et. al. 

U.S. Pat. No. 4,254,130 to Carr, et. al. 

U.S. Pat. No. 4,285,957 to Carr, et. al. 

U.S. Pat. No. 4,285,958 to Carr, et. al. 
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OO 

0.026 with an ()-haloalkyl substituted phenyl ketone of 
the formula: 

th 
halo-(CH2)-C – R6 

CH 

0027 wherein the substituents halo, R', R, n, Z, and R' 
are described in column 6 of U.S. Pat. No. 4,254,130. 

0028. In similar fashion, U.S. Pat. No. 4,550,116 to Soto 
et al. describes preparation of piperidine derivatives related 
to carebastine by reacting the co-haloalkyl Substituted phe 
nyl ketone with a substituted hydroxypiperidine derivative 
of the formula: 

0029 U.S. Pat. No. 4,254,130 indicates that S2-haloalkyl 
Substituted phenyl ketones, wherein Z is hydrogen, are 
prepared by reacting an appropriate Straight or branched 
lower alkyl C. ester of C-O-dimethylphenylacetic acid 
with a compound of the following formula: 

O 

| 
halo-(CH2)-C-halo 

0030) under the general conditions of a Friedel-Crafts 
acylation, wherein halo and m are described in column 11 of 
U.S. Pat. No. 4,254,129. The reaction is carried out in carbon 
disulfide as the preferred solvent. 
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0031. Other procedures for producing terfenadine car 
boxylic acid metabolite are disclosed in PCT Application 
Nos. WO95/00492, WO94/03170, and WO95/00480. 
0032. The present invention is directed toward an 
improved process for preparation of terfenadine carboxylic 
acid metabolite and carebastine derivatives. 

SUMMARY OF THE INVENTION 

0033. The present invention is directed to processes for 
preparing piperidine derivative compounds of the formulae: 

CO 
(O)n O 

CH 

CH 
B 

CO 
-R 

(O) 

R2 

A. 

pi th du-l-O-- 
CH 

0034) wherein 
0035) n is 0 or 1; 
0036) R' is hydrogen or hydroxy; 
0037 R’ is hydrogen; 

0038) or, when n is 0, R and R taken together form 
a second bond between the carbon atoms bearing R' 
and R, provided that when n is 1, R' and Rare each 
hydrogen; 
0039) R is -COOH or -COOR; 
0040) R' is an alkyl or aryl moiety; 
0041 A, B, and D are the substituents of their 
rings, each of which may be different or the Same, 
and are Selected from the group consisting of 
hydrogen, halogens, alkyl, hydroxy, alkoxy, and 
other Substituents 

0042 or a salt thereof. 
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0043. In one aspect of the invention, the piperidine 
derivative compound is prepared by providing a regioisomer 
having the following formula: 

CH 

C-Z. 
X3 

CH 

Y 

X \ 
wherein Z is - CGGG, NUR'R'). O 

O 

1N -( (CRR) 
O 

0044) 

0045 Q and Y are the same or different and are 
selected from the group consisting of O, S, and NR; 

0046 G', G', and G are the same or different and 
are selected from the group consisting of OR, SR, 
and NRR: 

m is an integer from 1 to 6; 

0047 X is halogen, OR, SR', NR'R'', 
OSOR', or NHSOR; 

0.048 R and R7 are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, an aryl moiety, OR, SR, and NR'R'; 
and 

0049) R, R. R. R', and R are the same or 
different and are Selected from the group consisting 
of hydrogen, an alkyl moiety, and an aryl moiety. 

0050. The regioisomer is then converted to the piperidine 
derivative having a keto group with a piperidine compound. 

0051. In another aspect of the present invention, the 
piperidine derivative compound is prepared by providing an 
C.C.-disubstituted-methylbenzene derivative having the for 
mula: 

0.052 wherein 
0053 X is a halogen, trialkyl or triaryl tin, tri 
alkyl or triaryl borate, alkylhalo Silicon, trialkyl 
Silicon, a Substituted Sulfonic ester, or Substituents 
useful in organometallic coupling reactions 
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0054 and converting the O.C.-disubstituted-methylben 
Zene derivative with a piperidine compound under condi 
tions effective to produce the piperidine derivative com 
pound. 

0055. In another aspect of the present invention, the 
piperidine derivative compound is prepared by providing a 
4-(C.C.-disubstituted)-toluic acid derivative having the for 
mula: 

A. 
O CH 

CH 

0056 wherein 
0057 X is hydrogen; a halogen; an alkali metal 
oxide; a moiety having the formula -OR'; a 
moiety having the formula - SR"; or an amine; 
and 

0.058) R' is selected from the group consisting of 
hydrogen, an alkyl moiety, and an aryl moiety 

0059) and converting the 4-(O.C.-disubstituted)-toluic 
acid derivative with a piperidine compound under conditions 
effective to produce the piperidine derivative compound. 
0060. The invention further relates to a regioisomer hav 
ing the formula: 

CH 

C-Z. 

CH 

0061 The present invention is also directed to processes 
for preparing a regioisomer having the formula: 

A. 

th 
C-Z 

X3 
CH 

O 

0062. In one aspect of the present invention, the process 
for preparing the regioisomer includes acylating an (O.C.- 
disubstituted-methylbenzene derivative having the formula: 

CH 
A. 

x-O-- 
CH 
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0063 wherein 
0064 X is a halogen, trialkyl or triaryl tin, tri 
alkyl or triaryl borate, alkylhalo Silicon, trialkyl 
Silicon, a Substituted Sulfonic ester, or Substituents 
useful in organometallic coupling reactions 

0065 with a compound having the formulae: 

X2 

r-r O 
O 

x31N1 Ne= 

0.066 wherein 
0067 X is hydrogen; a halogen; an alkali metal 
oxide; a moiety having the formula -OR'; a 
moiety having the formula - SR"; or an amine 
and 

0068) R' is selected from the group consisting of 
hydrogen, an alkyl moiety, and an aryl moiety 

0069 under conditions effective to produce the regioiso 
C. 

0070. In another aspect of the present invention, the 
process for preparing the regioisomer includes reacting a 
4-(C.C.-disubstituted)-toluic acid derivative having the for 
mula: 

A. 
O CH 

CH 

0071 wherein 
0072 X is hydrogen; a halogen; an alkali metal 
oxide; a moiety having the formula -OR'; a 
moiety having the formula - SR"; or an amine 
and 

0073) R' is selected from the group consisting of 
hydrogen, an alkyl moiety, and an aryl moiety 

0.074 with a compound having the formula: 

31N1)- 

0075) wherein 
0076 X" is a halogen, trialkyl or triaryl tin, tri 
alkyl or triaryl borate, alkylhalo Silicon, trialkyl 
Silicon, a Substituted Sulfonic ester, or Substituents 
useful in organometallic coupling reactions 

0.077 under conditions effective to produce the regioiso 
C. 
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0078. In yet another aspect of the present invention, the 
process for preparing the regioisomer includes providing an 
C.C.-diunsubstituted regioisomer precursor having the for 
mula: 

CH-Z 

0079 and methylating the O.C.-diunsubstituted regioiso 
mer precursor under conditions effective to produce the 
regioisomer. 

0080. The present invention is also directed towards 
4-(C.C.-disubstituted)-toluic acid derivatives and 4-(C,C-di 
unsubstituted)-toluic acid derivatives having, respectively, 
the formulae: 

A. 

th 
x--O-- and 

CH 
A. 

\ 
wherein Z is -CGC2G, NUR'R's O 

O 

) (CRR) 
O 

0081 m is an integer from 1 to 6; 
0082 Q and Y are the same or different and are 
selected from the group consisting of O, S, and NR; 

0083) G, G, and G are the same or different and 
are selected from the group consisting of OR, SR, 
and NRR): 

0084) X is hydrogen; a halogen; an alkali metal 
oxide; a moiety having the formula -OR'; a moi 
ety having the formula - SR"; or an amine; 

0085 R and R7 are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, an aryl moiety, OR, SR, and NR'R'; 

0086) R, R, R, and R are selected from the 
group consisting of hydrogen, an alkyl moiety, and 
an aryl moiety; and 

0087 A is the substituents of its ring, each of which 
may be different or the same and are Selected from 
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the group consisting of hydrogen, halogens, alkyl, 
hydroxy, alkoxy, and other Substituents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0088. The present invention relates to a process for 
preparing piperidine derivative compounds having the for 
mulae: 

B 

C).O." 
-R 

(O) O 

R2 

A. 

th hi--O-- 
CH 

B 

C).O. 
-R 

(O)n 

R2 

A. 

pi th de-l-O-- 
CH 

0089 wherein 
0090 in is 0 or 1; 
0091) R' is hydrogen or hydroxy; 
0092 R is hydrogen; 

0.093) or, when n is 0, R and R taken together form 
a second bond between the carbon atoms bearing R' 
and R, provided that when n is 1, RandR are each 
hydrogen; 

0094) R is -COOH or -COOR"; 
0.095) R' is an alkyl or aryl moiety; 
0096 A, B, and D are the substituents of their 
rings, each of which may be different or the same, 
and are Selected from the group consisting of 
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hydrogen, halogens, alkyl, hydroxy, alkoxy, and 
other Substituents or a salt thereof. 

0097. These piperidine derivative compounds may be in 
the form of 4-diphenylmethylpiperidine derivatives repre 
sented by the following formulae: 

C).O." 
CH 

O 

A. 
N O CH 

(CH)-C -R 
CH 

B 

C) O' 
CH 

A. 

pi l du-l-O-- 
CH 

0.098 where A, B, D, and R are defined above. The 
piperidine derivative compounds also include 4-(hydroxy 
diphenylmethyl)piperidine derivatives according to the fol 
lowing formulae: 

CO 
C-OH 

O 

A. 
N O CH 

fo-O-- hi, 
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-continued 
B 

O O 
C-OH 

A. 

pi th de-l-O-- 
CH 

0099 where A, B, D, and Rare defined above. Another 
useful class of piperidine derivative compounds are 4-diphe 
nylmethylenepiperidine derivatives in accordance with the 
following formulae: 

O 

A. 

CH 

6. 6 O 
A. 

pi th 
du-l-O-- R3 

CH 

0100 where A, B, D, and R are defined above. 
0101 Another useful class of piperidine derivative com 
pounds are 4-diphenylmethoxypiperidine derivatives having 
the following formulae: 
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B 

C).O." 
CH 

O O 

A. 
N O CH 

(CH)-C -R 
CH 

B 

CSC" 
CH 

O 

A. 

pi t du-l-O-- 
CH 

0102) where A, B, D, and R are defined above. 
0103) Examples of R" are substituted or unsubstituted, 
Straight or branched alkyl groups, including methyl, ethyl, 
n-propyl, isopropyl, n-butyl, Sec-butyl, tert-butyl, n-pentyl, 
neopentyl, n-hexyl, benzyl, and 4-methylbenzyl groups and 
Substituted or unsubstituted aryl groups, including phenyl, 
tolyl, and Xylyl groups. 
0104 Illustrative examples of compounds prepared by 
the process of the present invention are as follows: 

0105 4-4-4-(hydroxydiphenylmethyl)-1-piperidi 
nyl-1-hydroxybutyl-O.C.-dimethylbenzeneacetic acid; 

0106) 4-4-4-(diphenylmethyl)-1-piperidinyl-1-hy 
droxybutyl-O.C.-dimethylbenzeneacetic acid, 4-4-4- 
(diphenylmethylene)-1-piperidinyl)-1-hydroxybutyl 
C.C.-dimethylbenzeneacetic acid; 

0107 4-4-4-(hydroxydiphenylmethyl)-1-piperidi 
nyl-1-hydroxybutyl-O.C.-dimethyl-3-hydroxybenze 
neacetic acid; 

0108) 4-4-4-(hydroxydiphenylmethyl)-1-piperidi 
nyl-1-hydroxybutyl-O.C.-dimethyl-2-hydroxybenze 
neacetic acid; 

0109) 4-4-4-(diphenylmethylene)-1-piperidinyl)-1- 
hydroxybutyl-O.C.-dimethyl-3-hydroxybenzeneacetic 
acid; 
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CH CH 

C-OH 

pi t 
(CH)-CH -cool 

CH 

CH CH 

C-OH 

th 
(CH)-C -cool 

CH 

CH CH 

CH 

O 

pi th 
clo- -cool 

H CH 

CH CH 

CH 

O 

th 
(CH)-C -cool 

CH 
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0132) The compounds prepared by the methods of the 
present invention can be pharmaceutically acceptable Salts 
in the form of inorganic or organic acid or base addition Salts 
of the above compounds. Suitable inorganic acids are, for 
example, hydrochloric, hydrobromic, Sulfuric, and phospho 
ric acids. Suitable organic acids include carboxylic acids, 
Such as, acetic, propionic, glycolic, lactic, pyruvic, malonic, 
Succinic, fumaric, malic, tartaric, citric, cyclamic, ascorbic, 
maleic, hydroxymaleic, dihydroxymaleic, benzoic, pheny 
lacetic, 4-aminobenzoic, anthranilic, cinnamic, Salicylic, 
4-aminoSalicylic, 2-phenoxybenzoic, 2-acetoxybenzoic, and 
mandelic acid. Sulfonic acids, Such as, methaneSulfonic, 
ethaneSulfonic, and B-hydroxyethane-Sulfonic acid are also 
suitable acids. Non-toxic salts of the compounds of the 
above-identified formulae formed with inorganic and 
organic bases include, for example, those alkali metals, Such 
as, Sodium, potassium, and lithium, alkaline earth metals, for 
example, calcium and magnesium, light metals of group 
IRA, for example, aluminum, organic amines, Such as, 
primary, Secondary, or tertiary amines, for example, cyclo 
hexylamine, ethylamine, pyridine, methylaminoethanol, and 
piperazine. These Salts are prepared by conventional means, 
for example, by treating the piperidine derivative com 
pounds of the formulae: 

B 

O." 
-R 

(O)n O 

R2 

A. 

th 
(CH)-C -R 

CH 
B 

O 
-R 

(O)n 

R2 

A. 

pi th 
(CH2)4-CH – R3 

CH 

0.133 where A, B, D, n, R, R, and Rare defined above, 
with an appropriate acid or base. 
0134) The piperidine derivative compounds prepared by 
the methods of the present invention can be utilized as the 
biologically active components in pharmaceutical composi 
tions. These compounds are useful as antihistamines, anti 
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allergy agents, and bronchodilators. They may be adminis 
tered alone or with Suitable pharmaceutical carriers, and can 
be in Solid or liquid form Such as, tablets, capsules, powders, 
Solutions, Suspensions, or emulsions. 
0135 The compounds prepared by the methods of this 
invention can be administered orally, parenterally, for 
example, Subcutaneously, intravenously, intramuscularly, 
intraperitoneally, by intranasal instillation or by application 
to mucous membranes, Such as, that of the nose, throat, and 
bronchial tubes. Such application to mucous membranes can 
be achieved with an aeroSol Spray containing Small particles 
of a compound of this invention in a spray or dry powder 
form. 

0.136 The quantity of the compound administered will 
vary depending on the patient and the mode of administra 
tion and can be any effective amount. The quantity of the 
compound administered may vary over a wide range to 
provide in a unit dosage an effective amount of from about 
0.01 to 20 mg/kg of body weight of the patient per day to 
achieve the desired effect. For example, the desired antihis 
tamine, antiallergy, and bronchodilator effects can be 
obtained by consumption of a unit dosage form Such as a 
tablet containing 1 to 50 mg of the compound of the present 
invention taken 1 to 4 times daily. 
0.137 The solid unit dosage forms can be of the conven 
tional type. This Solid form can be a capsule, Such as an 
ordinary gelatin type containing the compound of the 
present invention and a carrier, for example, lubricants and 
inert fillers such as, lactose, sucrose, or cornstarch. In 
another embodiment, these compounds are tableted with 
conventional tablet bases Such as lactose, Sucrose, or corn 
Starch in combination with binders like acacia, cornstarch, or 
gelatin, disintegrating agents Such as, cornstarch, potato 
Starch, or alginic acid, and a lubricant like Stearic acid or 
magnesium Stearate. 
0.138. The compounds prepared according to this inven 
tion may also be administered in injectable dosages by 
Solution or Suspension of the compounds of the present 
invention in a physiologically acceptable diluent with a 
pharmaceutical carrier. Such carriers include Sterile liquids 
Such as water and oils, with or without the addition of a 
Surfactant and other pharmaceutically acceptable adjuvants. 
Illustrative oils are those of petroleum, animal, vegetable, or 
Synthetic origin, for example, peanut oil, Soybean oil, or 
mineral oil. In general, water, Saline, aqueous dextrose and 
related Sugar Solution, and glycols Such as, propylene glycol 
or polyethylene glycol, are preferred liquid carriers, particu 
larly for injectable Solutions. 

0139 For use as aerosols, the compounds in solution or 
Suspension may be packaged in a pressurized aeroSol con 
tainer together with Suitable propellants, for example, hydro 
carbon propellants like propane, butane, or isobutane with 
conventional adjuvants. These compounds may be admin 
istered in a non-pressurized form, Such as in a nebulizer or 
atomizer. 

0140. The compounds made according to the present 
invention can be used to treat warm blooded animals, birds, 
and mammals. Examples of Such beings include humans, 
cats, dogs, horses, sheep, cows, pigs, lambs, rats, mice, and 
guinea pigs. 

0141 According to one aspect of the present invention, 
the piperidine derivative compounds are prepared by pro 
Viding a regioisomer of the following formula: 
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A. 

th 
C-Z. 

X3 
CH 

O 

0.142 and converting the regioisomer to the piperidine 
derivative compounds of the invention having a keto group 
with a piperidine compound. 

0143. The resulting piperidine derivative compounds 
with a keto group can then be converted by reduction to the 
above-described piperidine compounds with a hydroxyl 
grOup. 

0144) A is the Substituents of its ring, each of which may 
be different or the same and is Selected from the group 
consisting of hydrogen, halogen, alkyl, hydroxy, alkoxy, and 
other Substituents. 

0145 X can be halogen, such as chloride, bromide, or 
iodide, a hydroxy or alkoxy having the formula OR', a thiol 
or an alkylthio derivative having the formula SR', an amine 
having the formula NR'R'', a sufonic ester having the 
formula OSOR" (such as methanesulfonate or tosylate) or 
a sulfonamide having the formula NHSOR". R' and R' 
are the same or different and are Selected from the group 
consisting of hydrogen; an alkyl moiety, including Substi 
tuted or unsubstituted, branched or Straight-chain alkyl 
moieties, Such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
Sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl, benzyl, 
and 4-methylbenzyl, preferably having from 1 to 7 carbon 
atoms, and an aryl moiety, including Substituted or unsub 
Stituted aryl moieties, Such as phenyl, tolyl, and Xylyl. 

0146 Z can be a carbon atom to which are bonded three 
electron rich groups, Such as moieties having the formula 
CGGG, G, G, and G can be the same or different and 
are illustratively selected from the group consisting of OR, 
SR, and NRR, where RandR are the same or different 
and can be hydrogen; an alkyl moiety, including Substituted 
or unsubstituted, branched or Straight-chain alkyl moieties, 
Such as methyl, ethyl, n-propyl, isopropyl, n-butyl, Sec 
butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl, benzyl, and 
4-methylbenzyl, preferably having from 1 to 7 carbon 
atoms, or an aryl moiety, including Substituted or unsubsti 
tuted aryl moieties, Such as phenyl, tolyl, and Xylyl groups. 
Examples of such a Z include triethoxymethyl or tri 
methoxymethyl moieties. 

0147 Z can also be a heterocyclic moiety having the 
formulae: 

Y 

—o N 
NUR'R'). O -4 (CRR) 

O 
O 
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0148 where m is an integer from 1 to 6 and Q and Y are 
independently oxygen, Sulfur, or a Substituted or unsubsti 
tuted amine having the formula NR. R can be hydrogen; an 
alkyl moiety, including Substituted or unsubstituted, 
branched or Straight-chain alkyl moieties, Such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, Sec-butyl, tert-butyl, 
n-pentyl, neopentyl, n-hexyl, benzyl, and 4-methylbenzyl, 
preferably having from 1 to 7 carbon atoms, or an aryl 
moiety, including Substituted or unsubstituted aryl moieties, 
Such as phenyl, tolyl, and Xylyl groups. It is to be understood 
that R and R", the two substituents bonded to each meth 
ylene (i.e. CH2 group), of which there are m in the above 
formulae, are independently Selected from each other. In 
addition, it is to be understood that R groups and R7 groups 
on one methylene can be the same or different than those on 
other methylenes. Each Rand each R' can be hydrogen; an 
alkyl moiety, including Substituted or unsubstituted, 
branched or Straight-chain alkyl moieties, Such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, Sec-butyl, tert-butyl, 
n-pentyl, neopentyl, n-hexyl, 2-methylpentyl, cyclohexyl, 
benzyl, and 4-methylbenzyl, preferably having from 1 to 7 
carbon atoms, an aryl moiety, including Substituted or 
unsubstituted aryl moieties, Such as phenyl, tolyl, Xylyl, and 
naphthyl; or a moiety having the formulae OR, SR, or 
NRR, where R and R are defined as they were above 
where Z had the formula CGGG. Preferred examples of 
Z include isoxazoline moieties having the formula: 

0149 wherein R, R7, R', and R' are the same or 
different and can be hydrogen; an alkyl moiety, including 
Substituted or unsubstituted, branched or Straight-chain alkyl 
moieties, Such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
Sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl, 2-meth 
ylpentyl, cyclohexyl, benzyl, and 4-methylbenzyl, prefer 
ably having from 1 to 7 carbon atoms, an aryl moiety, 
including Substituted or unsubstituted aryl moieties, Such as 
phenyl, tolyl, Xylyl, and naphthyl, or a moiety having the 
formulae OR, SR, or NRR, where R and R are as 
defined as they were above. Preferably, m is 2, and R'' and 
R" are hydrogen. More preferably, R'' and R' are hydro 
gen, and R and Rare each an alkyl moiety having from 1 
to 7 carbon atoms. Most preferably, Z is 4,4-dimethylisox 
azolin-2-yl, where each of R'' and R' is hydrogen and R' 
and R7 is methyl. 

0150 A variety of methods can be used to provide these 
regioisomers. 

0151. Processes for Producing the Regioisomer 

0152. In one embodiment of the present invention, the 
regioisomer is produced by acylating an O.C.-disubstituted 
methylbenzene derivative having the formula: 
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CH 
A. 

x-O-- 
CH 

0153 with a compound having the formulae: 

X2 

^-r O 
O 

x31N1 Ne= 

0154 under conditions effective to produce the regioiso 
mer having the formula: 

CH 

C-Z. 

CH 

O155 In this embodiment, the acylation agent is a butyl 
derivative. 

0156. In another embodiment of the present invention, 
the acylation agent is a 4-(O.C.-disubstituted)-toluic acid 
derivative. In this embodiment, the regioisomer is produced 
by reacting a 4-(O.C.-disubstituted)-toluic acid derivative 
having the formula: 

A. 
O CH 

CH 

O157 with a compound having the formula: 

31N1)- 

0158 under conditions effective to acylate the com 
pound, producing the regioisomer. 
0159. Irrespective of whether the regioisomer is pro 
duced using the process employing a butyl derivative acy 
lation agent or the process employing a 4-(O.C.-disubsti 
tuted)-toluic acid derivative acylation agent, X can be a 
halogen; trialkyl or triaryl tin; trialkyl or triaryl borate; 
alkylhalo Silicon; trialkyl Silicon; or a Substituted Sulfonic 
ester, Such as tosylate, meSylate, or triflate, with any alkyl 
groups being Straight or branched and preferably having 1 to 
4 carbon atoms. Alternatively, X' can be a substituent useful 
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in organometallic coupling reactions, including lithium or 
magnesium compounds derived from bromine or iodine. AS 
used herein, alkylhalo Silicon is a tetravalent Silicon atom 
bonded to at least one halogen and at least one alkyl group. 
The remaining Silicon Valency is bonded to either a Second 
halogen or a Second alkyl. One particularly useful alkylhalo 
silicon has the formula -SiCHF. 
0160 X, in either embodiment, can be hydrogen; a 
halogen; an alkali metal oxide; a moiety having the formula 
-OR'; a moiety having the formula-SR'; or an amine. 
Suitable amines are those having the formulae -NR'R' or 
-NR'(OR"); saturated cyclic amines, such as those hav 
ing the formulae: 

-(RH), -N N-R10 O 
N-1 \ / 

-N O 

0.161 or heteroaryl amines, Such as imidazole, pyrazole, 
and the like. R' and R'' are the same or different and are 
Selected from the group consisting of hydrogen; an alkyl 
moiety, including Substituted or unsubstituted, branched or 
Straight-chain alkyl moieties, Such as methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, Sec-butyl, tert-butyl, n-pentyl, neo 
pentyl, n-hexyl, benzyl, and 4-methylbenzyl, preferably 
having from 1 to 7 carbon atoms, and an aryl moiety, 
including Substituted or unsubstituted aryl moieties, Such as 
phenyl, tolyl, and Xylyl groups; p is an integer, preferably 
from 2 to 8. 

0162. In practicing the process employing a butyl deriva 
tive acylation agent, Suitable acylation agents include 
include 4-substituted butanal or a 4-substituted butyric acid 
derivative. Illustrative examples of 4-substituted butyric 
acid derivatives are 4-Substituted butyric acid halides, alkali 
metal 4-substituted butyric acid salts, 4-substituted butyric 
acid esters, or 4-Substituted butyric acid amides. 
0163 Suitable 4-substituted butyric acid halides include 
4-substituted butyric acid fluoride, 4-substituted butyric acid 
chloride, and 4-substituted butyric acid bromide. Where an 
alkali metal Salt of 4-Substituted butyric acid is employed as 
the acylating agent, Suitable alkali metals include lithium, 
Sodium, and potassium. 

0164. The 4-substituted butyric acid amide can be an 
N-unsubstituted amide, such as 4-substituted butyric acid 
amide; an N-monoSubstituted amide, Such as N-methyl-4- 
substituted butyric acid amide, N-ethyl-4-substituted butyric 
acid amide, N-propyl-4-Substituted butyric acid amide, and 
N-hexyl-4-substituted butyric acid amide; or an N,N-disub 
stituted amide. Suitable N,N-disubstituted amides include 
N,N-dimethyl-4-substituted butyric acid amide, N-methyl 
N-ethyl-4-substituted butyric acid amide, N-methyl-N-pro 
pyl-4-substituted butyric acid amide, N-methyl-N-hexyl-4- 
substituted butyric acid amide, N,N-diethyl-4-substituted 
butyric acid amide, N-ethyl-N-propyl-4-substituted butyric 
acid amide, N-ethyl-N-hexyl-4-substituted butyric acid 
amide, N,N-dipropyl-4-substituted butyric acid amide, 
N-propyl-N-hexyl-4-substituted butyric acid amide, and 
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N,N-dihexyl-4-substituted butyric acid amide. N,N-disub 
stituted butyric acid amides having the formula -NR' 
(OR'), such as N-methyl-N-methoxy-4-substituted butyric 
acid amide, N-methyl-N-ethoxy-4-substituted butyric acid 
amide, N-ethyl-N-methoxy-4-substituted butyric acid 
amide, N-ethyl-N-ethoxy-4-substituted butyric acid amide, 
are particularly useful. Suitable N,N-disubstituted amides 
also include cyclic amides, Such as butyric acid morpholine 
amide, butyric acid piperazine amide, butyric acid imidazole 
amide, and butyric acid pyrazole amide, as well as those 
having the formula: 

0.165 where p is an integer, preferably from 2 to 8, 
examples of which include N,N-ethylene-4-substituted 
butyric acid amide, N,N-propylene-4-substituted butyric 
acid amide, N,N-butylene-4-substituted butyric acid amide, 
and N,N-pentylene-4-substituted butyric acid amide. 
0166 Irrespective of whether the regioisomer is pro 
duced using the process employing a butyl derivative acy 
lation agent or the process employing a 4-(O.C.-disubsti 
tuted)-toluic acid derivative acylation agent, the acylation 
reactions are carried out in a suitable solvent in the presence 
of an appropriate catalyst for about 1 to 120 hours and at 
temperatures of about -78 C. to the reflux temperature of 
the solvent. Suitable solvents for acylation include: hydro 
carbon Solvents, Such as benzene, toluene, Xylene, or cyclo 
hexane, halogenated hydrocarbons, Such as chlorobenzene, 
dichloroethane, methylene chloride, chloroform, or carbon 
tetrachloride; carbon disulfide; dimethylformamide; ethereal 
Solvents, like tetrahydrofuran and diethylether, or dioxane. 
0167. In practicing either of the above processes, a vari 
ety of catalysts may be utilized when A is hydrogen. Suitable 
catalysts include palladium catalysts, like palladium chlo 
ride, palladium acetate, tetrakis(triphenylphosphine) palla 
dium(0), dichlorobis(triphenylphosphine) palladium(II), or 
benzylchlorobis(triphenyl-phosphine)palladium(II); O 
nickel-phosphine catalysts. Acylation may also be carried 
out in the presence of added lithium chloride or triph 
enylphosphine. The latter acylation reaction is known in the 
art as organometallic cross-coupling reactions and is con 
ducted by the general procedures of D. Milstein, et al., J. 
Org. Chem., 1979, 44, 1613 (“Milstein (1979)"); J. W. 
Labadie, et al., J. Org. Chem., 1983, 48,4634 ("Labadie”); 
C. Sahlberg, et al., Tetrahedron Letters, 1983, 24, 5137 
(“Sahlberg”); D. Milstein, et al., J. Am. Chem. Soc., 1978, 
100, 3636 (“Milstein (1978)'); and K. Tamao, et al., Tetra 
hedron, 1982, 38,3347 (“Tamao”), all of which are hereby 
incorporated by reference. 
0168 Where acylation is carried out using the process 
employing a butyl derivative acylation agent, the reaction 
can also be promoted by addition of an acylation promoter 
which, when reacted with the methylbenzene derivative, 
displaces X from the carbon to which it is bonded, forming 
a reactive carbanion Salt. One Suitable acylation promoter is 
butyl lithium, which is particularly effective when X is an 
amine. When X is chloride, preferred acylation promoters 
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are magnesium metal or tetraalkyl tin. Acylation promoters, 
especially organometallicS Such as butyl lithium, are highly 
reactive with carbonyl groups. For this reason, the Z moiety 
is chosen to minimize reactivity of the carbon beta to the 
benzene ring. In particular, when employing an acylation 
promoter, particularly inert Z. moieties having the formula: 

01.69 such as isoxazolidium groups, are preferred. 

0170 The O.C.-disubstituted-methylbenzene derivative 
having the formula: 

A. 

t x-O-- 
CH 

0171 can be provided by reacting an O.C.-diunsubsti 
tuted-methylbenzene derivative having the formula: 

x-O-at 
0172 with a methylating agent under conditions effective 
to produce the O.C.-disubstituted-methylbenzene derivative. 
The methylation reaction is carried out in a Suitable Solvent 
and in the presence of a Suitable non-nucleophilic base, Such 
as potassium t-butoxide, Sodium hydride, lithium diisopro 
pylamide (“LDA”), lithium hexamethyldisilazide 
(“LHMDS”), potassium hexamethyldisilazide (“KHMDS”), 
Sodium or lithium tetramethylpiperidine, or related Strong 
bases, for about 1 to about 120 hours, at temperatures from 
about -78 C. to room temperature. Preferably, the reaction 
is conducted under an inert, dry atmosphere, Such as N or 
Ar gas, in an inert, dry Solvent. Suitable Solvents for 
methylation include: hydrocarbon Solvents, Such as benzene, 
toluene, Xylene, or cyclohexane, halogenated hydrocarbons, 
Such as chlorobenzene, dichloroethane, methylene chloride, 
or carbon tetrachloride; carbon disulfide; dimethylforma 
mide; ethereal solvents, like tetrahydrofuran, t-butyl methyl 
ether, and diethylether, or dioxane. At least two molar 
equivalents and, preferably, between 2.1 and 3 molar equiva 
lents of methylating agent are employed and added over the 
course of the reaction, either continuously or in two or more 
Slugs. Suitable methylating agents include iodomethane, 
bromomethane, chloromethane, dimethyl Sulfate, and the 
like. 
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0173 The O.C.-diunsubstituted-methylbenzene deriva 
tives having the formula: 

A. 

1N 
x-O- CH2 (CRR) 1 

0.174 can be prepared by reacting the correponding C.C.- 
diunsubstituted benzylic acid of the formula: 

A. 

x-O-al-cool 
0.175 with an appropriate aminoalkyl derivative having 
the formula: 

H.N-(CRR)-Q-H 
0176 under conditions effective to produce the O.C.- 
diunsubstituted-methylbenzene derivative. This reaction is 
conducted in a Suitable solvent for about 1 to about 120 
hours and at a temperature ranging from 0 C. to the reflux 
temperature of the solvent. Suitable solvents for this reaction 
include: hydrocarbon Solvents, Such as benzene, toluene, 
Xylene, or cyclohexane, halogenated hydrocarbons, Such as 
chlorobenzene, dichlorethane, methylene chloride, chloro 
form, or carbon tetrachloride; carbon disulfide; dimethylfor 
mamide; etheral Solvents, like tetrahydrofuran and diethyl 
ether; or dioxane. Preferably, the solvent is maintained at 
reflux in an apparatus having a means for removing water, 
Such as a Dean-Stark trap. In many cases, it is advantageous 
to convert the O.C.-diunsubstituted-benzylic acid derivative 
to the corresponding acid halide, Such as by treatment with 
thionyl chloride, prior to reaction with the aminoalkyl 
derivative. 

0177 Alternatively, the O.C.-disubstituted-methylben 
Zene derivative having the formula: 

0.178 can be prepared from the corresponding C.C.-dis 
ubstituted-benzylic acid derivative having the formula: 

A. 

th 
x-O- – COOH 

CH 
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0179 by reacting the O.C.-disubstituted-benzylic acid 
derivative with the above aminoalkyl derivative under the 
conditions described above with respect to the O.C.-diunsub 
Stituted-benzylic acid conversion. 

0180. The O.C.-disubstituted-benzylic acid derivative 
used to prepare the O.C.-disubstituted-methylbenzene deriva 
tive can be Synthesized by methylating the corresponding 
C.C.-diunsubstituted-benzylic acid derivative. Conditions 
Suitable to carry out this methylation are the same as those 
described above with respect to methylation of C.C.-diun 
substituted-methylbenzene derivatives. 

0181. Where acylation is carried out with a 4-(C.C.- 
disubstituted)-toluic acid derivative having the formula: 

A. 
O CH 

CH 

0182 the 4-(C.C.-disubstituted)-toluic acid derivative can 
be provided by reacting a 4-(O.C.-diunsubstituted)-toluic 
acid derivative having the formula: 

0183 with a methylating agent under conditions effective 
to produce the 4-(C.C.-disubstituted)-toluic acid derivative. 
Suitable methylation conditions are the same as those 
described above. The 4-(O.C.-diunsubstituted)-toluic acid 
derivatives having the formula: 

1N 
O N 

0.184 can be prepared by reacting the correponding 4-(C.- 
carboxy-O.C.-diunsubstituted)-toluic acid derivative having 
the formula: 

A. 
O 

X4-C CH-COOH 

0185 with an appropriate aminoalkyl derivative having 
the formula: 
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0186 under conditions effective to produce the 4-(C.C.- 
diunsubstituted)-toluic acid derivative. Conditions suitable 
to effect this reaction are the same as those given above for 
reaction of O.C.-diunsubstituted-methylbenzene derivatives 
with aminoalkyl derivatives. 
0187 Alternatively, the 4-(O.C.-disubstituted)-toluic acid 
derivative having the formula: 

O 
A. 

| fl. 1 N 
Nu/ CH 

0188 can be prepared from the corresponding 4-(o- 
carboxy-O.C.-disubstituted)-toluic acid derivative having the 
formula: 

A. 
O CH 

X4 - C -cool 
CH 

0189 by reacting the 4-(C-carboxy-O.C.-disubstituted)- 
toluic acid derivative with the above aminoalkyl derivative 
under the conditions described above with respect to the 
reaction of C.C.-diunsubstituted-benzylic acid derivatives 
with aminoalkyl derivatives. 
0190. The 4-(o-carboxy-O.C.-disubstituted)-toluic acid 
derivative used to prepare the 4-(C.C.-disubstituted)-toluic 
acid derivative can be Synthesized by methylating the cor 
responding 4-O-carboxy-O.C.-diunsubstituted)-toluic acid 
derivative. Conditions Suitable for carrying out this methy 
lation are the same as those described above with respect to 
methylation of O.C.-diunsubstituted-methylbenzene deriva 
tives. 

0191 The regioisomer of the present invention having 
the formula: 

A. 

th 
C-Z. 

X3 
CH 

O 

0.192 can also be prepared from a corresponding (O.C.- 
diunsubstituted regioisomer precursor having the formula: 

CH-Z 
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0193 by methylation using reagents and conditions 
described above with respect to the methylation of O.C.- 
diunsubstituted-methylbenzene derivatives. 

0194 When employing this route, the O.C.-diunsubsti 
tuted regioisomer precursor is conveniently prepared from 
an O.C.-diunsubstituted-methylbenzene derivative having 
the formula: 

A. 

x-O)-cis 
0.195 by acylating the O.C.-diunsubstituted-methylben 
Zene derivative with an acylation agent having the formula: 

X2 

r-r O 
O 

x31N1 Ne= 

0196) under conditions effective to produce the O.C.- 
diunsubstituted regioisomer precursor. Acylation conditions 
Suitable for this reaction are the Same as those described 
above with respect to acylation of O.C.-disubstituted-meth 
ylbenzene derivatives. 

0.197 Alternatively, the O.C.-diunsubstituted regioisomer 
precursor can be prepared from a 4-(C,C-diunsubstituted)- 
toluic acid derivative having the formula: 

A. 
O 

X4-C CH-Z 

0198 by reacting the 4-(O.C.-diunsubstituted)-toluic acid 
derivative with a compound having the formula: 

1-1a X1 

0199 under conditions effective to produce the O.C.- 
diunsubstituted regioisomer precursor. This reaction is can 
be carried out under the Same reaction conditions as those 
described above with respect to acylation of C.C.-disubsti 
tuted-methylbenzene derivatives. 

0200 Processes of Converting the Regioisomer to the 
Piperidine Derivative Having a Keto Group 

0201 Once the regioisomer is provided, it is then con 
verted to the piperidine derivative with a piperidine com 
pound. 
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0202) In one aspect of the present invention, the regioi 
Somer can be hydrolyzed under conditions effective to form 
a first intermediate compound having the formula: 

CH 

C-COOH 

CH 

0203 The regioisomer is converted to the first interme 
diate compound by treating the regioisomer with a mineral 
acid, Such as hydrochloric acid, hydrobromic acid, or 
hydroiodic acid. The hydrolysis reaction is carried out in a 
Suitable Solvent, optionally in the presence of a catalytic 
amount of base for about 0.5 to 24 hours and a temperature 
of about -40 degrees C. to the reflux temperature of the 
solvent. Suitable solvents for the hydrolysis reaction include 
hydrocarbon Solvents, Such as, benzene, toluene, Xylene, or 
cyclohexane, ethereal Solvents Such as ether, tetrahydrofu 
ran, dioxane, or dimethoxyethane, or halogenated hydrocar 
bons, Such as, chlorobenzene, methylene chloride, carbon 
tetrachloride, chloroform, or dichloroethane. 

0204 If desired, the acid group of the first intermediate 
compound can be esterified by techniques well known to 
those skilled in the art, Such as by evaporating an alcoholic 
Solution of the acid and a mineral acid, Such as a methanolic, 
ethanolic, propanolic, or butanolic Solution of hydrochloric, 
hydrobromic, or hydroiodic acid, to dryneSS to form an ester 
having the formula: 

CH 

C-COOR 

CH 

0205 After hydrolysis and optional esterification, the 
first intermediate compound or ester thereof can be reacted 
with a piperidine compound of the formula: 



US 2005/0272771 A1 

0206 under conditions effective to form the piperidine 
derivative compound having a keto group of the formula: 

B 

() (O." 
-R 

R2 

A. 

th 
de-l-O- – COOR 

CH 

0207. This alkylation reaction is carried out in a suitable 
Solvent preferably in the presence of a base and, optionally, 
in the presence of a catalytic amount of potassium iodide for 
about 4 to 120 hours at a temperature of about 70° C. to the 
reflux temperature of the solvent. Suitable solvents for the 
alkylation reaction include alcohol Solvents, Such as, metha 
nol, ethanol, isopropyl alcohol, or n-butanol, ketone Sol 
vents, Such as, methyl isobutyl ketone or methyl ethyl 
ketone, hydrocarbon Solvents, Such as, benzene, toluene, or 
Xylene, halogenated hydrocarbons, Such as, chlorobenzene 
or methylene chloride; or dimethylformamide. Suitable 
bases for the alkylation reaction include inorganic bases, for 
example, Sodium bicarbonate, potassium carbonate, or 
potassium bicarbonate or organic bases, Such as a trialky 
lamine, for example, triethylamine or pyridine, or an exceSS 
of the piperidine compound can be used. When the piperi 
dine derivative is in the form of an ester, it can be hydrolyzed 
to a carboxylic acid. 

0208 Piperidine derivative compounds of the present 
invention having n equal to 1 can also be prepared by the 
following alternative alkylation procedure. Subsequent to 
hydrolysis and optional esterification, the first intermediate 
compound having the formula: 

A. 

th 
C-R3 

X3 
CH 

O 

0209 is reacted with 4-hydroxypiperidine in an organic 
Solvent, Such as toluene, dioxane, Xylene, methyl isobutyl 
ketone, methyl ethyl ketone, or N,N-dimethylformamide, at 
a temperature between 80 and 140 C. and in the presence 
of an acid-binding agent, Such as an alkali metal carbonate 
or bicarbonate, to form an N-substituted hydroxypiperidine 
having the formula: 
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OH 

A. 

th du-l-O-- 
CH 

0210. The N-substituted hydroxypiperidine is then 
reacted with a diphenylmonohalomethane having the for 
mula: 

() (O." 
CH 

0211 wherein X is a halogen, under conditions effective 
to form the piperidine derivative compound of the formula: 

B 

C." 
CH 

O 

A. 
N O CH 

(CH2)4-C -R 
CH 

0212. The reaction is preferably carried out in an inert 
organic Solvent, for example, toluene, Xylene, dioxane, 
methyl isobutyl ketone, methyl ethyl ketone, or N,N-dim 
ethylformamide, at a temperature between 80 and 140 C. 
in the presence of an acid-binding agent Such as an alkali 
metal carbonate or bicarbonate. The diphenylmonohalom 
ethane can be obtained commercially, or it can be prepared 
by the methods known in the art, for example, by reaction of 
the corresponding diphenylmethanol with a phosphorous or 
thionyl chloride or bromide in an inert organic solvent. This 
alternative alkylation method is preferred when R in the 
first intermediate compound is -COOH. 
0213 Irrespective of the alkylation procedure employed, 
when R is -COOalkyl, the alkylation reaction can be 
followed by base hydrolysis to convert R. Substituents that 
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are -COOalkyl groups to -COOH groups. Such base 
hydrolysis involves treatment of the piperidine derivative 
With an inorganic base, Such as Sodium hydroxide, in an 
aqueous lower alcohol Solvent, Such as aqueous methanol, 
ethanol, isopropyl alcohol, or n-butanol, at reflux tempera 
ture for about 72 hour to 12 hours. 

0214) Piperidine compounds where n=0 and each of R' 
and R is hydrogen or where n=0 and R is hydroxy and R. 
is hydrogen are commercially available or may be prepared 
according to procedures well known in the art (e.g. F. J. 
McCarty, C. H. Tilford, M. G. Van Campen, J. Am. Chem. 
Soc., 1961, 26, 4084, which is hereby incorporated by 
reference). Piperidine compounds wherein n=0 and R" and 
R form a second bond between the carbon atoms bearing R' 
and R may be prepared by dehydration of the corresponding 
compound wherein R is hydroxy by procedures generally 
known in the art. Piperidine compounds wherein n=1 and R' 
and R are both hydrogen are prepared by condensation of 
an appropriately Substituted diphenylmonohalomethane, 
Such as diphenylchloromethane, diphenylbromomethane, 
and di(p-tolyl)chloromethane, with a 1-alkoxycarbonyl-4- 
hydroxypiperidine in a Suitable Solvent, such as toluene, 
Xylene, dioxane, methyl isobutylketone, methyl ethyl 
ketone, or N,N-dimethylformamide. The reaction is con 
ducted at a temperature between 80 C. and 140° C. and in 
the presence of a base, Such as an alkali metal carbonate or 
bicarbonate. Following the reaction, hydrolysis with alkali 
metal hydroxide in an organic Solvent, such as ethanol or 
isopropanol, at the boiling point of the solvent, yields the 
4-(diarylmethoxy)-piperidine free base. 
0215. In another aspect of the present invention, the 
piperidine derivative compound is produced by converting 
the regioisomer having the formula 

A 

th 
C-Z. 

X3 
CH 

O 

0216) to a piperidine derivative precursor having the 
formula: 

B 

C) O 
-R 

(O) 

A. 

th hol-O--, 
CH 
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0217 with a piperidine compound having the formula: 

0218 under conditions effective to form the piperidine 
derivative precursor. This alkylation reaction is carried out 
in a Suitable Solvent preferably in the presence of a base and, 
optionally, in the presence of a catalytic amount of potas 
sium iodide for about 4 to 120 hours at a temperature of 
about 70° C. to the reflux temperature of the solvent. 
Suitable solvents for the alkylation reaction include alcohol 
Solvents, Such as, methanol, ethanol, isopropyl alcohol, or 
n-butanol, ketone solvents, such as, methyl isobutyl ketone 
and methyl ethyl ketone; hydrocarbon solvents, such as, 
benzene, toluene, or xylene; halogenated hydrocarbons, 
Such as, chlorobenzene or methylene chloride; or dimethyl 
formamide. Suitable bases for the alkylation reaction 
include inorganic bases, for example, Sodium bicarbonate, 
potassium carbonate, or potassium bicarbonate or organic 
bases, Such as a trialkylamine, for example, triethylamine or 
pyridine, or an excess of the piperidine compound can be 
used. 

0219) Alternatively, piperidine derivative precursors of 
the present invention having n equal to 1 can be prepared by 
reacting the regioisomer having the formula: 

A 

O 

0220 with 4-hydroxypiperidine in an organic solvent, 
Such as toluene, dioxane, xylene, methyl isobutyl ketone, 
methyl ethyl ketone, or N,N-dimethylformamide, at a tem 
perature between 800 and 140° C. and in the presence of an 
acid-binding agent, Such as an alkali metal carbonate or 
bicarbonate, to form an N-Substituted hydroxypiperidine 
having the formula: 

OH 

N O 
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0221) The N-substituted hydroxypiperidine is then 
reacted with a diphenylmonohalomethane having the for 
mula: 

Ó C. 
CH 

D 

0222 wherein X" is a halogen, under conditions effective 
to form the piperidine derivative precursor of the formula: 

B 

C).O. 
R2 

A. 

7N " du--O-- 
CH 

0223) The reaction is preferably carried out in an inert 
organic Solvent, for example, toluene, Xylene, dioxane, 
methyl isobutyl ketone, methyl ethyl ketone, or N,N-dim 
ethylformamide, at a temperature between 80 and 140 C. 
in the presence of an acid-binding agent Such as an alkali 
metal carbonate or bicarbonate. 

0224. According to yet another aspect of the present 
invention, piperidine derivatives having a keto group are 
prepared from an O.C.-disubstituted-methylbenzene deriva 
tive having the formula: 

A. 

t x-O-- 
CH 

0225. In this preparation, the O.C.-disubstituted-methyl 
benzene derivative is converted to a piperidine derivative 
precursor having the formula: 
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B 

C).O. 
R2 

A. 
N O CH 

(CH2)4-C -z 
CH 

0226 with a piperidine compound, preferably a 4-(4- 
Substituted-piperidin-1-yl)butanal or a 4-(4-Substituted-pip 
eridin-1-yl)butyric acid derivative compound. 
0227 4-(4-substituted-piperidin-1-yl)butanals and 4-(4- 
Substituted-piperidin-1-yl)butyric acid derivative com 
pounds Suitable for use in this acylation reaction include 
those having the formula: 

0228) where X is as defined above. This conversion is 
carried out in a Suitable Solvent in the presence of an 
appropriate catalyst for about 1 to 120 hours and at tem 
peratures of about -78 C. to the reflux temperature of the 
solvent. Suitable solvents for this acylation include: hydro 
carbon Solvents, Such as benzene, toluene, Xylene, or cyclo 
hexane, halogenated hydrocarbons, Such as chlorobenzene, 
dichloroethane, methylene chloride, chloroform, or carbon 
tetrachloride; carbon disulfide; dimethylformamide; ethereal 
Solvents, like tetrahydrofuran and diethylether, or dioxane. 

0229. A variety of catalysts may be utilized when A is 
hydrogen. Suitable catalysts include palladium catalysts, 
like palladium chloride, palladium acetate, tetrakis(triph 
enylphosphine) palladium(0), dichlorobis(triphenylphos 
phine) palladium(II), or benzylchlorobis(triphenyl-phos 
phine)palladium(II); or nickel-phosphine catalysts. The 
acylation reaction may also be carried out in the presence of 
added lithium chloride or triphenylphosphine. The latter 
cross-coupling reactions is typically conducted by the gen 
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eral procedures of Milstein (1979), Labadie, Sahlberg, Mil 
stein (1978), and Tamao, all of which are hereby incorpo 
rated by reference. 
0230. The acylation reaction can also be promoted by 
addition of an acylation promoter which, when reacted with 
the methylbenzene derivative, displaces X from the ben 
Zene ring, forming a reactive carbanion Salt. One Suitable 
acylation promoter is butyl lithium, which is particularly 
effective when X is an amine. When X is chloride, pre 
ferred acylation promoters are magnesium metal or tet 
raalkyl tin. 
0231. Other suitable 4-(4-substituted-piperidin-1-yl)bu 
tanals and 4-(4-Substituted-piperidin-1-yl)butyric acid 
derivatives include 4-(4-hydroxy-piperidin-1-yl)butanal and 
4-(4-hydroxy-piperidin-1-yl)butyric acid derivatives having 
the formula: 

OH 

N O 

0232. In this process, which is useful in preparing pip 
eridine derivative precursors where n is 1, the O.C.-disub 
Stituted-methylbenzene derivative is converted with the 
4-(4-hydroxy-piperidin-1-yl)butyric acid derivative under 
conditions effective to produce an N-substituted hydroxy 
piperidine having the formula: 

OH 

A. 

th 
CH 

0233. The N-substituted hydroxy piperidine is then con 
verted to piperidine derivative precursors with a diphenyl 
monohalomethane as described above. 

0234. Alternatively, the N-substituted hydroxy piperidine 
can be hydrolyzed under conditions effective to produce an 
N-Substituted piperidine compound having the formula: 

OH 

A. 

t du-l-O--cool 
CH 

0235 Suitable hydrolysis conditions are as described 
below with regard to hydrolysis of the piperidine derivative 
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precursor. The hydrolyzed N-substituted piperidine com 
pound can then be converted to the piperidine derivative 
using a diphenylmonohalomethane as described above. 

0236. In still another aspect of the present invention, 
piperidine derivatives having a keto group are prepared from 
a 4-(C,C-disubstituted)-toluic acid derivative having the 
formula: 

A. 
O CH 

CH 

0237. In this preparation, the 4-(O.C.-disubstituted)-toluic 
acid derivative is converted to a piperidine derivative pre 
cursor having the formula: 

C).O. 
-R 

(O)n 

R2 

A. 
N O CH 

(CH2)4-C -z 
CH 

0238 with a piperidine compound, preferably a 3-(4- 
Substituted-piperidin-1-yl)propane, Such as those having the 
formula: 

0239) where X" is as defined above. This conversion is 
carried out in a Suitable Solvent in the presence of an 
appropriate catalyst for about 1 to 120 hours and at tem 
peratures of about -78 C. to the reflux temperature of the 
Solvent. Suitable Solvents and catalysts are the Same as those 
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described above in connection with the conversion of C.C.- 
disubstituted-methylbenzene derivatives to piperidine 
derivative precursors. 

0240. Other suitable 3-(4-substituted-piperidin-1-yl)pro 
pane derivatives include 3-(4-hydroxy-piperidin-1-yl)pro 
pane derivatives having the formula: 

OH 

N 

0241. In this process, which is useful in preparing pip 
eridine derivative precursors where n is 1, the 4-(O.C.- 
disubstituted)-toluic acid derivative is converted with the 
3-(4-hydroxy-piperidin-1-yl)propane derivative under con 
ditions effective to produce an N-substituted hydroxy pip 
eridine having the formula: 

OH 

A. 

th 
CH 

0242. The N-substituted hydroxy piperidine is then con 
verted to piperidine derivative precursors with a diphenyl 
monohalomethane, before or after hydrolysis of the N-Sub 
Stituted hydroxy piperidine to the conversion of the 
N-Substituted piperidine compound having the formula: 

OH 

A. 

th --O--cool 
CH 

0243 as described above. 
0244 Irrespective of the alkylation procedure employed, 
the piperidine derivative precursor is then converted to the 
piperidine derivative compound having the formula: 
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B 

C).O. 
R2 

A. 

l 
(CH2)- -O-- COOH 

CH 

0245. This conversion can be effected by treatment of the 
piperidine derivative precursor with a mineral acid, Such as 
hydrochloric acid, hydrobromic acid, or hydroiodic acid in 
a Suitable organic Solvent, for about 0.5 to 24 hours and a 
temperature of about -40 degrees C. to the reflux tempera 
ture of the Solvent. Suitable solvents include alcohols, Such 
as methanol, ethanol, isopropanol, and various glycols, 
hydrocarbon Solvents, Such as, benzene, toluene, Xylene, or 
cyclohexane, ethereal Solvents Such as ether, tetrahydrofu 
ran, dioxane, or dimethoxyethane, or halogenated hydrocar 
bons, Such as, chlorobenzene, methylene chloride, carbon 
tetrachloride, chloroform, or dichloroethane. Alternatively, 
this conversion can be effected in Vivo by administering the 
piperidine derivative percursor to a Subject, and permitting 
the Subject to metabolize the piperidine derivative precursor 
to the piperidine derivative compound. The amounts and 
modes of administration are the same as those discussed 
above for administration of piperidine derivative com 
pounds of the present invention. 

0246 Processes for Reduction of Keto Group in Piperi 
dine Derivatives and Piperidine Derivative Precursors 

0247 As discussed above, the process of the present 
invention is useful in producing piperidine derivatives with 
either a keto group or a hydroxyl group. Derivatives with 
keto groups can be converted to Similar compounds with 
hydroxyl groups by reduction reactions which are well 
known in the art. 

0248 Reduction can be carried out with sodium borohy 
dride or potassium borohydride in lower alcohol Solvents, 
Such as, methanol, ethanol, isopropyl alcohol, or n-butanol. 

0249. When lithium aluminum hydride or diborane are 
used as reducing agents, Suitable Solvents are ethers, for 
example, diethyl ether, tetrahydrofuran, or dioxane. These 
reduction reactions are carried out at temperatures ranging 
from about 0°C. to the reflux temperature of the solvent, and 
the reaction time varies from about 0.5 to 8 hours. 

0250 Catalytic reduction with hydrogen may also be 
employed using, for example, Raney nickel, palladium, 
platinum, or rhodium catalysts in lower alcohol Solvents, 
Such as, methanol, ethanol, isopropyl alcohol, or n-butanol 
or acetic acid or their aqueous mixtures, or by the use of 
aluminum isopropoxide in isopropyl alcohol. Reduction 
using Sodium borohydride is generally preferred over cata 
lytic reduction when forming carboxylic acids or esters. 
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0251 The piperidine derivative containing a hydroxy 
group thus prepared can optionally be separated into its 
enantiomerically pure components by conventional meth 
ods. For example, the racemic mixture of piperidine deriva 
tive enantiomers can be converted to a racemic mixture of 
diastereomers with a reactive chiral agent. The diastere 
omers are then Separated by, for example, recrystallization 
or chromatography, and the pure enantiomer is recovered by 
cleaving the reactive chiral agent. Alternatively, the racemic 
mixture of piperidine derivative enantiomers can be chro 
matographically Separated using chiral Stationary phases or 
by recrystallization by using chiral Solvents. 

0252 Piperidine derivatives having keto groups can also 
be converted to enantiomerically pure piperidine derivatives 
having hydroxy groups by using chiral reducing agents. For 
example, reduction using (+)-B-chlorodiisopropinocamphe 
nylborane produces the piperidine derivative having R 
chirality at the carbon to which the hydroxy group is bonded. 
Alternatively, by using (-)-B-chlorodiisopropinocamphe 
nylborane produces the Senantiomer. Other suitable chiral 
reducing agents are (R) and (S)-oxazaborolidine/BH, potas 
sium 9-O-(1,2:5,6-di-O-isopropylidine-O-D-glucofuran 
soyl)-9-boratabicyclo 3.3.1)nonane, (R) and (S)-B-3-pina 
nyl-9-borabicyclo3.3.1)nonane, NB-enantride, lithium (R)- 
(+) and (S)-(–)-2,2'-dihydroxy-1,1'-binaphthyl alkoxyl 
aluminum hydride, (R)-(+) and (S)-(–)-2,2'-dihydroxy-6,6'- 
dimethylbiphenylborane-amine complex, tris(((1S,2S, 5R)- 
2-isoprophy-5-methyl-cyclohex-1-yl)methyl)aluminum, 
(((1R, 3R)-2,2-dimethylbicyclo[2.2.1]hept-3-yl)methyl)be 
ryllium chloride, (R)-BINAP-ruthenium complex/H, and 
6,6'-bis(diphenylphosphino)-3,3'-dimethoxy-2,2',4,4-tet 
ramethyl-1,1'-biphenyl. 

0253) When esters with hydroxyl groups have been 
formed, base hydrolysis can be used to produce a carboxylic 
acid. Such procedures are well known and generally involve 
treatment with an inorganic base, Such as, Sodium hydroxide 
or potassium hydroxide, in an aqueous lower alcoholic 
Solvent, Such as acqueous methanol, ethanol, isopropyl alco 
hol, or n-butanol. Base hydrolysis is carried out at a tem 
perature from about room temperature to the Solvent reflux 
temperature for about 72 hour to 12 hours. 

0254. In like manner, piperidine derivative precursors 
bearing a keto group and having the formula: 

B 

C).O. 
R2 

A. 

7N " du--O-- 
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0255 can be reduced to piperidine derivative precursors 
bearing a hydroxyl group having the formula: 

B 

C).O. 
R2 

A. 

pi th hill-O-- 
CH 

0256 The piperidine derivative precursors bearing a 
hydroxyl group can be converted to the piperidine derivative 
having the formula: 

C).O. 
-R 

(O) 

R2 

A. 

pi th 
(CH2)- I-O- -cool 

CH 

0257 in vitro, such as by treating the piperidine deriva 
tive precursor bearing a hydroxyl group with Strong acid, as 
discussed above, or, alternatively, in Vivo, by administering 
the piperidine derivative precursor bearing a hydroxyl group 
to a Subject. 
0258. The present invention is further illustrated by the 
following examples. 

EXAMPLES 

Example 1 

Preparation of 
4-bromo-O-(4,4-dimethylisoxazolin-2-yl)toluene 

0259 A mixture of 4-bromophenylacetic acid (172 g, 
0.800 mole), 2-amino-2-methyl-1-propanol (115 mL, 1.20 
mole), and 900 mL xylenes were refluxed for 24 hours in an 
apparatus equipped with a Dean-Stark trap. The mixture was 
then cooled, filtered, and concentrated to afford a crystalline 
Solid. The Solid was slurried in hexanes, and filtered to afford 
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147 g of a white solid. The hexane filtrate was then con 
centrated, slurried with hexanes, and filtered to afford 
another 13 g of 4-bromo-O-(4,4-dimethylisoxazolin-2-yl 
)toluene as a white solid. The combined yield was 160 g 
(75%). 

Example 2 

Preparation of 4-bromo-O.C.-dimethyl-O-(4,4-dim 
ethylisoxazolin-2-yl)toluene 

0260 A 250 mL three neck round bottomed flask was 
charged with 5.0 g (0.0186 mole) of 4-bromo-O-(4,4-dim 
ethylisoxazolin-2-yl)toluene, prepared according to 
Example 1, and 50 mL of dry THF under N. KHMDS, 27 
mL (0.0279 mole, 1.5 eq), was then slowly added over 10 
minutes. A color change to deep orange was observed. After 
Stirring the mixture for 15 minutes at room temperature, 1.16 
mL (0.0186 mole, 1 equiv.) of methyl iodide was added in 
one portion. The reaction exothermed to 46 C., and white 
Solid precipitated while the Solution retained a pale yellow 
tint. After stirring for 1 hour, another 27 mL (0.0279 mole, 
1.5 equiv.) of KHMDS was added causing the temperature 
of the reaction to rise from 27 to 30° C. and the color to 
change to orange. The reaction was stirred for an additional 
20 minutes and, thereafter, a Second equivalent of CHI was 
added. An aliquot was removed, quenched with water, and 
extracted with ethyl acetate. TLC analysis (4:1 hexane/ethyl 
acetate) showed the presence of the more polar 4-bromo-O- 
methyl-O-(4,4-dimethylisoxazolin-2-yl)toluene "mono 
adduct”). An additional 0.2 mL of CHI was added which 
turned the pale yellow solution to white. The reaction 
mixture was then added to 100 mL 10% acetic acid/water 
along with 250 mL methylene chloride. The organic layer 
was washed twice with 50 mL brine and dried with sodium 
Sulfate. After concentration and drying at room temperature 
and a pressure of 0.1 mm Hg overnight, 5.65 g (103%) of a 
yellowish solid was obtained. The solid was dissolved in 30 
mL isopropanol and 20 mL of water was slowly added until 
an oil had formed. To the mixture, 5 mL of isopropanol was 
added with heating to dissolve all of the oil. The oil 
crystallized upon cooling in an ice bath, yielding 4.61 g 
(0.0156 mmole, 84%) of pure 4-bromo-C.C.-dimethyl-O-(4, 
4-dimethylisoxazolin-2-yl)toluene no trace of mono adduct. 

Example 3 

Preparation of 4-(4-chloro-1-oxobutyl)-C,C-dim 
ethyl-O-(4,4-dimethylisoxazolin-2-yl)toluene 

0261) A solution of 4-bromo-C.C.-dimethyl-O-(4,4-dim 
ethylisoxazolin-2-yl)toluene (10.0g. 0.0338 mole), prepared 
in accordance with Example 2, in 400 mL THF is cooled to 
-78° C., n-butyllithium (16 mL, 0.042 mole) is added via 
syringe, and the mixture is stirred at -78 C. for 30 minutes. 
While keeping the temperature below -75 C., 4-chlorobu 
tyryl chloride (14.4g, 0.102 mole) in 30 mL THF is added 
dropwise, and the mixture is stirred at -78 C. for 30 
minutes. The mixture is allowed to warm to -15° C. and is 
quenched with water. The product is extracted with meth 
ylene chloride, washed with Saturated NaCl solution, dried 
over NaSO, and concentrated. The residue is cooled to 0 
C., treated with minimal acetonitrile, and filtered, to afford 
4-(4-chloro-1-oxobutyl)-O.C.-dimethyl-O-(4,4-dimethyl 
isoxazolin-2-yl)toluene. 
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Example 4 

Preparation of 4-(4-chloro-1-oxobutyl)-C,C-dimeth 
ylphenylacetic acid 

0262. A mixture of 4-(4-chloro-1-oxobutyl)-O.C.-dim 
ethyl-O-(4,4-dimethylisoxazolin-2-yl)toluene, prepared 
according to Example 3, (47.8 g., 0.15 mole), 150 mL 
concentrated hydrochloric acid, and 150 mL 1,4-dioxane is 
brought to reflux for 18 hours. The mixture is extracted three 
times with ethyl acetate. The organics are washed with 
saturated NaCl Solution, dried over MgSO, and concen 
trated. Crude product is purified by column chromatography 
using Silica gel, and eluting with hexane/ethyl acetate/acetic 
acid. Cleaner fractions are combined and recrystallized from 
methylene chloride/hexanes to afford 4-(4-chloro-1-oxobu 
tyl)-O.C.-dimethylphenyl acetic acid. 

Example 5 

Preparation of Methyl 
4-(4-chloro-1-oxobutyl)-O.C.-dimethylphenylacetate 

0263. A solution of 4-(4-chloro-1-oxobutyl)-O.C.-dimeth 
ylphenylacetic acid, prepared according to Example 4, (15g, 
0.056 mole) in 450 mL of a HC1-saturated methanol is 
refluxed for 1 hour. The mixture is concentrated to dryness 
and partitioned between ethyl acetate and water. The aque 
ouS phase is extracted twice again with ethyl acetate. The 
combined organic phases are dried over MgSO and con 
centrated to an oil. The oil is purified by column chroma 
tography using Silica gel, and eluting with hexanes/ethyl 
acetate. Clean fractions are combined and concentrated to 
afford methyl 4-(4-chloro-1-oxobutyl)-O.C.-dimethylpheny 
lacetate. 

Example 6 

Preparation of Methyl 4-4-4-(Hydroxydiphenylm 
ethyl)-1-piperidinyl)-1-oxobutyl-O.C.-dimethylphe 

nylacetate 

0264. A solution of 12.6 g of methyl 4-(4-chloro-1- 
Oxobutyl)-O.C.-dimethylphenylacetate, prepared in accor 
dance with Example 5, in 500 mL of toluene in a one liter 
three neck flask with mechanical Stirring is added 8.8 g of 
4-(C,C-diphenyl)piperidinemethanol and 23 g of KCO and 
the mixture is refluxed for 7 hr. The cooled reaction mixture 
is then filtered and concentrated in vacuo. The residue is 
dissolved in Et2O and treated with excess ethereal HC1. The 
mixture is then concentrated to a Solid. The Solid is treated 
with EtOAc and collected by filtration. The product is then 
partitioned between EtOAc and 2N NaCO. The organics 
are dried over MgSO, filtered, and concentrated in vacuo to 
afford methyl 4-4-4-(hydroxydiphenylmethyl)-1-piperidi 
nyl-1-oxobutyl-O.C.-dimethylphenylacetate. 

Example 7 

Preparation of Methyl 4-4-4-(Hydroxydiphenylm 
ethyl)-1-piperidinyl-1-hydroxybutyl-O.C.-dimeth 

ylphenylacetate 

0265 A solution of 13.5g of methyl 4-4-4-(hydroxy 
diphenylmethyl)-1-piperidinyl-1-oxobutyl-O.C.-dimeth 
ylphenylacetate, prepared in accordance with Example 6, in 
250 mL of CH-OH is cooled in an ice CH-OH bath, and 1.8 
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g of NaBH is added in portions. After 1 hr, the mixture is 
concentrated to a Solid. The residue is partitioned between 
EtOAc and Saturated aqueous NaHCO. The aqueous por 
tion is extracted with EtOAc. The combined organics are 
washed with Saturated aqueous NaCl, dried over MgSO, 
filtered, and concentrated in vacuo to afford methyl 4-4-4- 
(hydroxydiphenylmethyl)-1-piperidinyl)-1-hydroxybutyl 
C.C.-dimethylphenylacetate as a foam. 

Example 8 

Preparation of 4-4-4-Hydroxydiphenylmethyl)-1- 
piperidinyl-1-hydroxybutyl-O.C.-dimethylpheny 

lacetic Acid 

0266 To a solution of 9.5g of methyl-4-4-4-(hydroxy 
diphenylmethyl)-1-piperidinyl-1-hydroxybutyl-O.C.-dim 
ethylphenylacetate, prepared in accordance with Example 7, 
in 300 mL of CH-OH and 150 mL of HO, is added 10 g of 
NaOH. The mixture is refluxed for 1 hr., then cooled. The 
CH-OH is removed in vacuo. The concentrate is diluted with 
HO and CHCl, and the pH is adjusted to approximately 5.5 
to 6.0. The phases are separated, and the aqueous phase is 
extracted with CHCls. The combined organics are dried over 
MgSO, filtered, and stripped to afford crude product. 
0267 The crude product is dissolved in CH2Cl and 
chromatographed on Davisil Grade 633 SiO eluting with a 
gradient of CHCl, to 10% CH-OH in CHCl, to 25% 
CH-OH in CHCls. The product containing fractions are 
concentrated to afford 4-4-4-hydroxydiphenylmethyl)-1- 
piperidinyl)-1-hydroxybutyl-O.C.-dimethylphenylacetic 
acid. 

Example 9 

Preparation of Methyl 4-4-4-(Bis(4-methylphenyl 
)hydroxymethyl)-1-piperidinyl-1-oxobutyl-O.C.- 

dimethylphenylacetate 

0268 To a solution of 6.4 g (0.017 mol) of methyl 
4-(4-chloro-1-oxobutyl)-O.C.-dimethylphenylacetate, pre 
pared in accordance with Example 5, in 500 mL of toluene 
in a one liter round bottom flask equipped with a mechanical 
stirrer is added 5.1 g (0.017 mol) of 4-(C.C.-bis(4-methylphe 
nyl)-piperidinemethanol, followed by 11.8 g (0.086 mol) of 
Solid potassium carbonate. The Solution is heated to reflux 
for 24 hr. After cooling, the mixture is filtered, and the 
toluene is removed in vacuo. The residue is partitioned 
between ethyl acetate and 2 N Sodium carbonate Solution. 
The aqueous layer is extracted twice with ethyl acetate, the 
combined organic layers are dried with Sodium Sulfate, and 
the ethyl acetate is removed in vacuo to provide methyl 
4-4-4-(bis(4-methylphenyl)hydroxymethyl)-1-piperidi 
nyl-1-oxobutyl-O.C.-dimethylphenylacetate. 

Example 10 

Preparation of Methyl 4-4-4-(Bis(4-Methylphenyl 
)hydroxymethyl)-1-piperidinyl)-1-hydroxybutyl-C, 

C-dimethylphenylacetate 

0269. To a -10° C. solution of 6.8 g (0.013 mol) of 
methyl 4-4-4-(bis(4-methylphenyl)hydroxymethyl)-1-pip 
eridinyl)-1-oxobutyl-O.C.-dimethylphenylacetate, prepared 
in accordance with Example 9, in 150 mL of methanol in a 
500 mL round bottom flask equipped with a mechanical 
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stirrer is slowly added 0.86 g (0.023 mol) of sodium boro 
hydride, and the reaction is stirred for 2 hr. The methanol is 
removed in vacuo, and the residue is partitioned between 
ethyl acetate and aqueous Sodium bicarbonate Solution. The 
aqueous layer is extracted with ethyl acetate, the combined 
organic layers are dried with Sodium Sulfate, and the ethyl 
acetate is removed in vacuo to provide crude product. The 
resultant material is purified by column chromatography 
(Davisil grade 633 Silica gel, packed in methylene chloride, 
material applied in chloroform, and eluted with a gradient of 
2% methanol to methylene chloride to 5% methanol to 
methylene chloride) to afford methyl 4-4-4-(bis(4-meth 
ylphenyl)hydroxymethyl)-1-piperidinyl)-1-hydroxybutyl 
C.C.-dimethylphenylacetate. 

Example 11 

Preparation of 4-4-4-(Bis(4-methylphenyl)hy 
droxymethyl)-1-piperidinyl-1-hydroxybutyl-O.C.- 

dimethylphenylacetic Acid 

0270. To 350 mL of methanol in a 1 L round bottom flask 
equipped with a mechanical Stirrer is added 5.3 g (9.8 mmol) 
of methyl 4-4-4-(bis(4-methylphenyl)hydroxymethyl)-1- 
piperidinyl)-1-hydroxybutyl-O.C.-dimethylphenylacetate, 
prepared in accordance with Example 10, 5.1 g (0.13 mol) 
of solid sodium hydroxide, and 100 mL of water. The 
mixture is heated to reflux for 3 hr. After cooling, the 
methanol is removed in vacuo, and 6 N hydrochloric acid is 
added dropwise until the Solution was no longer basic 
(pH=7). The solution is extracted three times with ethyl 
acetate. The organic layers are combined, and precipitation 
is induced. The Solid is washed with ether to provide 
4-4-4-(bis(4-methylphenyl)hydroxymethyl)-1-piperidi 
nyl-1-hydroxybutyl-O.C.-dimethylphenylacetic acid, as the 
dihydrate. 

Example 12 

Preparation of 4-(1-Hydroxy-4-chlorobutyl)-O.C.- 
dimethylphenylacetic acid 

0271 To a solution of 50 mg of 4-(4-chloro-1-oxobutyl)- 
C.C.-dimethylphenylacetic acid, prepared in accordance with 
Example 4, in 3 mL of methanol is added 50 mg of NaBH. 
The mixture is stirred for 30 minutes, acidified with 2N HCl, 
and the methanol is removed in vacuo. The concentrate is 
extracted with EtOAc. The organics are dried over NaSO, 
filtered, and concentrated to afford 4-(1-hydroxy-4-chlo 
robutyl)-O.C.-dimethylphenylacetic acid. 

Example 13 

Preparation of 4-4-4-(Hydroxydiphenylmethyl)-1- 
piperidinyl-1-oxobutyl-O.C.-dimethylphenylacetic 

acid 

0272 A mixture of 800 mg of 4-(4-chloro-1-oxobutyl)- 
C.C.-dimethylphenylacetic acid, prepared in accordance with 
Example 4,800 mg of 4-O.C.-diphenyl)piperidinemethanol, 
and 2.4 g of KCO in 25 mL of toluene is stirred for 48 
hours at room temperature. The mixture is concentrated in 
vacuo. The residue is treated with EtOAc, filtered, and 
concentrated to afford 4-4-4-(hydroxydiphenylmethyl)-1- 
piperidinyl)-1-oxobutyl-O.C.-dimethylphenylacetic acid. 
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Example 14 

Preparation of 4-4-4-Hydroxydiphenylmethyl)-1- 
piperidinyl-1-hydroxybutyl-O.C.-dimethylpheny 

lacetic Acid 

0273 A mixture of 4-4-4-(hydroxydiphenylmethyl)-1- 
piperidinyl)-1-oxobutyl-O.C.-dimethylphenylacetic acid, 
prepared in accordance with Example 13, and 300 mg of 
NaBH, in 25 mL of CH-OH is stirred overnight at room 
temperature. The mixture is then concentrated in vacuo. The 
residue is partitioned between EtOAc and H2O. The aqueous 
portion is treated with concentrated HCl until pH 6, then 
extracted with EtOAc. The organics are concentrated in 
vacuo. The residue is dissolved in EtOAc, filtered, and 
concentrated in vacuo to an oil. The oil is dissolved in 
CH-OH and concentrated to a solid. The solid is slurried 
with EtOAc, filtered, and rinsed with EtOAc to afford 
4-4-4-hydroxydiphenylmethyl)-1-piperidinyl)-1-hydroxy 
butyl-O.C.-dimethylphenylacetic acid. 

Example 15 

Alternative Preparation of 4-(4-chloro-1-oxobutyl)- 
O.C.-dimethyl-O-(4,4-dimethylisoxazolin-2-yl)tolu 

CC 

0274) Magnesium (96 mg, 3 mM) was suspended in 
tetrahydrofuran. A Small crystal of iodine was added to 
activate the magnesium. Solid 4-bromo-O.C.-dimethyl-O-(4, 
4-dimethylisoxazolin-2-yl)toluene (600 mg. 2 mM), pre 
pared in accordance with Example 2, was added, and the 
mixture was stirred for 6 hours at room temperature, then for 
6 hours at reflux, and then cooled to room temperature. After 
adding 4-chlorobutyronitrile, the mixture was Stirred over 
night and then poured into cold, dilute acid. The acid 
Solution was extracted with ethyl acetate, and the organic 
layer was separated and dried with Sodium Sulfate. Removal 
of the Solvent under reduced pressure afforded an almost 
colorless oil in 93% yield. Spectral analysis was consistent 
with 4-(4-chloro-1-oxobutyl)-O.C.-dimethyl-O-(4,4-dimeth 
ylisoxazolin-2-yl)toluene. 

Example 16 

Preparation of 4-formyl-O.C.-dimethyl-O-(4,4-dim 
ethylisoxazolin-2-yl)toluene 

0275 A solution of 4-bromo-C.C.-dimethyl-O-(4,4-dim 
ethylisoxazolin-2-yl)toluene (1 g. 3.4 mM mole), prepared 
in accordance with Example 2, was chilled to -78 C. in a 
dry ice bath, and to this was added a solution of 2Mbutyl 
lithium (3.4 mM). The mixture was stirred for 15 minutes, 
2 mL of DMF was added, the dry ice bath was removed, and 
the mixture was allowed to warm to 0°C. The 0° C. Solution 
was poured into cold brine and extracted with ethyl acetate. 
The organic layer was separated and dried with Sodium 
Sulfate. Removal of the Solvent under reduced pressure and 
afforded a white solid whose proton NMR spectrum was 
consistent with 4-formyl-O.C.-dimethyl-O-(4,4-dimethyl 
isoxazolin-2-yl)toluene. 
0276 Although the invention has been described in detail 
for the purpose of illustration, it is understood that Such 
detail is Solely for that purpose, and variations can be made 
therein by those skilled in the art without departing from the 
spirit and scope of the invention which is defined by the 
following claims. 
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1. A process of preparing a piperidine derivative com 
pound of the formula: 

B 

C).O." 
-R 

(O)n O 

R2 

A. 
N O CH 

(CH2)4-C -R 
CH 

B 

() (O. 
-R 

(O) 

R2 

A. 

pi th du-l-O-- 
CH 

wherein 

n is 0 or 1; 
R" is hydrogen or hydroxy; 
R is hydrogen; 
or, when n is 0, R and R taken together form a second 
bond between the carbon atoms bearing R' and R, 
provided that when n is 1, R' and R are each 
hydrogen; 

R is -COOH or -COOR; 
R" is an alkyl or aryl moiety; 
A, B, and D are the Substituents of their rings, each of 

which may be different or the Same, and are Selected 
from the group consisting of hydrogen, halogens, 
alkyl, hydroxy, alkoxy, and other Substituents, 

Said process comprising: 
providing a regioSomer of the following formula: 

A. 
CH 

CH 
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wherein 

Z is -GGG, 
G, G', and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is halogen, OR', SR', NR'R'', OSOR', or 
NHSOR'; and 

R. R. R', and R'' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety and 

converting the regioisomer to the piperidine derivative 
compound with a piperidine compound. 

2. A proceSS according to claim 1, wherein Said providing 
the regioisomer comprises: 

acylating an O.C.-disubstituted-methylbenzene derivative 
having the formula: 

A. 

t x-O-- 
CH 

wherein 

X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

with a compound having the formulae: 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula R', a moiety having the 
formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to produce the regioisomer. 
3. A process according to claim 2, further comprising: 
reacting an O.C.-diunsubstituted-methylbenzene deriva 

tive having the formula: 

A. 

x-O-at 
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with a methylating agent under conditions effective to 
produce the O.C.-disubstituted-methylbenzene deriva 
tive. 

4. (canceled) 
5. (canceled) 
6. A process according to claim 1, wherein Said providing 

the regioisomer comprises: 

reacting a 4-(O.C.-disubstituted)-toluic acid derivative 
having the formula: 

A. 
O CH 

CH 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula OR'; a moiety having 
the formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

with a compound having the formula: 

1N1)- 

wherein 

X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

under conditions effective to produce the regioisomer. 
7. A process according to claim 6 further comprising: 

reacting a 4-(C.C.-diunsubstituted)-toluic acid derivative 
having the formula: 

A. 
O 

X4 - C CH-Z 

with a methylating agent under conditions effective to 
produce the 4-(C.C.-disubstituted)-toluic acid deriva 
tive. 

8. (canceled) 
9. (canceled) 
10. A process according to claim 1, wherein Said provid 

ing the regioisomer comprises: 

providing an O.C.-diunsubstituted regioisomer precursor 
having the formula: 
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A. 

CH-Z 
X3 

O 

and 

methylating the O.C.-diunsubstituted regioisomer precur 
Sor under conditions effective to produce the regioiso 
C. 

11. A process according to claim 10, wherein Said pro 
Viding the O.C.-diunsubstituted regioisomer precursor com 
prises: 

acylating an O.C.-diunsubstituted-methylbenzene deriva 
tive having the formula: 

A. 

X1 CH-Z 

wherein 

X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

with a compound having the formulae: 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula -OR'; a moiety having 
the formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to produce the O.C.-diunsub 
Stituted regioisomer precursor. 

12. A process according to claim 10, wherein Said pro 
Viding the O.C.-diunsubstituted regioisomer precursor com 
prises: 

reacting a 4-(C.C.unsubstituted)-toluic acid derivative 
having the formula: 
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wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula -OR"; a moiety having 
the formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

with a compound having the formula: 

1N1\ 

wherein 

X" is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

under conditions effective to produce the O.C.-diunsub 
Stituted regioisomer precursor. 

13. A process according to claim 1, further comprising: 
reducing the piperidine derivative compound under con 

ditions effective to form a hydroxylated piperidine 
derivative compound of the formula: 

B 

O 
-R 

(O) 

R2 

A. 

p. th 
(CH2)4-CH – R3 

CH 

14. A proceSS according to claim 13, wherein the hydroxy 
lated piperidine derivative compound has the formula: 

C-OH 

pi l 
(CH)-C C-COOH 
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15. A process according to claim 13, wherein the hydroxy 
lated piperidine derivative compound has the formula: 

CH 

O 

pi th du--O--cool 
H CH 

16. A process according to claim 1, wherein the piperidine 
derivative compound has the formula: 

OO 
C-OH 

th --O)-cool 
CH 

17. A process according to claim 1, wherein the piperidine 
derivative compound has the formula: 

CH 

O 

th du--O--cool 
CH 

18. A process according to claim 1, wherein Said convert 
ing comprises: 
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hydrolyzing the regioSomer of the formula: 

CH 

C-Z 

CH 

under conditions effective to form a first intermediate 
compound of the formula: 

CH 

C-COOH 

CH 

19. A process according to claim 18, wherein Said con 
Verting further comprises: 

reacting the first intermediate compound with a piperidine 
compound of the formula: 

under conditions effective to form the piperidine deriva 
tive compound of the formula: 

CS O." 
-R 

(O) 

R2 

A. 

th du--O--cool 
CH 
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20. A proceSS according to claim 18, wherein Said con 
Verting further comprises: 

B 

esterifying the first intermediate compound to the ester D 
thereof, having the formula: O 

C4-R1 
A. 

th (O) 
C-COOR R2 

X3 
CH 

O A. 

th 
CH)-C C-COOR and (CH2)3 -O- 

- 0 CH 

reacting the ester with a piperidine compound of the 
formula: 

to a piperidine derivative compound of the formula: 

B 
D 

B 

C).O." -R O 
(O) -R 

R2 (O) 

R2 

H A. 

th du--O--cool 
under conditions effective to form the piperidine deriva- CH 

tive compound of the formula: 

B 22. A process according to claim 18, wherein n is 1 and 
D wherein Said converting further comprises: 

O reacting the first intermediate compound with 4-hydrox 
ypiperidine under conditions effective to produce an 

-R N-Substituted hydroxypiperidine having the formula: 
(O)n 

R2 OH 

A. 
N O CH 

A. 

(CH2)4-C C-COOR t 

l, du-l-O--cool 
CH 

21. A process according to claim 20, further comprising: and 

hydrolyzing the piperidine derivative compound of the reacting the N-Substituted hydroxypiperidine with a 
formula: diphenylhalomethane having the formula: 
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B B 

Ó C. C).O. 
1- P1 

CH R 

k (O)n 
R2 

wherein X" is a halogen A. 
N O CH 

under conditions effective to form the piperidine com 
(CH2)4-C C-Z. 

pound derivative of the formula: 
CH 

24. A process according to claim 23, further comprising 
B - 0 D converting the piperidine derivative precursor to the pip 
O eridine derivative compound of the formula: 

CH B 
D 

O O 
-R 

A. 
N O CH (O)n 

R2 
(CH2)4-C -R 

CH A. 

l hol-O--co 
CH 23. A process according to claim 1, wherein Said convert 

ing comprises: 

reacting the regioisomer with a piperidine compound of 25. A process according to claim 23, further comprising 
the formula: reducing the piperidine derivative precursor under condi 

tions effective to form a hydroxylated piperidine 
derivative precursor of the formula: 

B 

O 

(O) -R 
R2 

(O) 

R2 
N 
H 

A. 

pi th du-l-O-- under conditions effective to form the piperidine deriva- hi, 
tive precursor of the formula: 
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26. A process according to claim 25, further comprising 

converting the hydroxylated piperidine derivative precur 
Sor to a hydroxylated piperidine derivative compound 
of the formula: 

B 

-R, 
(O)n 

R2 

A. 

pi th 
(CH)- I-O- -cool 

CH 

27. A proceSS according to claim 1, wherein n is 1 and 
wherein Said converting further comprises: 

reacting the regioisomer with 4-hydroxypiperidine under 
conditions effective to produce an N-Substituted-hy 
droxypiperidine having the formula: 

OH 

A. 

7N " de--(O)-- 
and 

reacting the N-Substituted hydroxypiperidine with a dia 
rylhalomethane having the formula: 

CO 
CH 

D 

wherein X" is a halogen 
under conditions effective to form the piperidine deriva 

tive precursor of the formula: 
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B 

C).O. 
R2 

A. 
N O CH 

(CH2)4-C -z 
CH 

28. A process according to claim 27, further comprising 
converting the piperidine derivative precursor to the pip 

eridine derivative compound of the formula: 

B 

C).O. 
(O) 

R2 

A. 

l 
(CH2)- -O-- COOH 

CH 

29. A process according to claim 27, further comprising 
reducing the piperidine derivative precursor under condi 

tions effective to form a hydroxylated piperidine 
derivative precursor of the formula: 

C).O. 
-R 

(O) 

R2 

A. 

p. th 
(CH2)- I-O- – Z. 

CH 



US 2005/0272771 A1 
30 

30. A process according to claim 29, further comprising 
converting the hydroxylated piperidine derivative precur 

Sor to a hydroxylated piperidine derivative compound 
of the formula: 

B 

C) C. 
-R, 

(O) 

A. 

pi th 
(CH2)- I-O- -cool 

CH 

31. A process of preparing a piperidine derivative com 
pound of the formula: 

B 

C." 
-R 

(O)n O 

R2 

A. 

th hi--O-- 
CH 

B 

C) O' 
-R 

(O)n 

R2 

A. 

pi th hi-to-O-- 
CH 

wherein 

n is 0 or 1; 
R" is hydrogen or hydroxy; 
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R’ is hydrogen; 
or, when n is 0, R and R taken together form a second 
bond between the carbon atoms bearing R' and R, 
provided that when n is 1, R and R are each 
hydrogen; 

R is -COOH or -COOR; 
R" is an alkyl or aryl moiety; 
A, B, and D are the Substituents of their rings, each of 

which may be different or the Same, and are Selected 
from the group consisting of hydrogen, halogens, 
alkyl, hydroxy, alkoxy, and other Substituents, 

Said process comprising: 
providing an O.C.-disubstituted-methylbenzene derivative 

having the formula: 

A. 
CH 

x-O-- hi, 
wherein 

Z is -GGG, 
G, G', and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions, and 

R and R are the same or different and are selected 
from the group consisting of hydrogen, an alkyl 
moiety, and an aryl moiety and 

converting the O.C.-disubstituted-methylbenzene 
derivative to the piperidine derivative compound 
with a piperidine compound. 

32. A process according to claim 31, wherein Said pro 
Viding the O.C.-disubstituted-methylbenzene derivative com 
prises: 

reacting an O.C.-diunsubstituted-methylbenzene deriva 
tive having the formula: 

A. 

x-O-al 
with a methylating agent under conditions effective to 

produce the O.C.-disubstituted-methylbenzene deriva 
tive. 

33. (canceled) 
34. (canceled) 
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35. A process according to claim 31, further comprising: 
reducing the piperidine derivative compound under con 

ditions effective to form a hydroxylated piperidine 
derivative compound of the formula: 

B 

C).O. 
R2 

A. 

pi th 
--O-- R3 

CH 

36. A process according to claim 35, wherein the 
hyrdroxylated piperidine derivative compound has the for 
mula: 

OO 
C-OH 

pi th --O--cool 
H CH 

37. A process according to claim 35, wherein the hydroxy 
lated piperidine derivative compound has the formula: 

CH 

O 

pi th du--O--cool 
H CH 

38. A process according to claim 31, wherein the piperi 
dine derivative compound has the formula: 

Dec. 8, 2005 

s OH 

N O CH 

du-l-O--cool l, 
39. A process according to claim 31, wherein the piperi 

dine derivative compound has the formula: 

CH 

O 

N O CH 

| ( ) (CH2)4-C - COOH 
CH 

40. A proceSS according to claim 31, wherein Said con 
Verting comprises: 

reacting the O.C.-disubstituted-methylbenzene derivative 
with a 4-(4-substituted)piperidin-1-yl)butanal or a 4-(4- 
Substituted)piperidin-1-yl)butyric acid derivative hav 
ing the formula: 

wherein 

X is a hydrogen; halogen; an alkali metal oxide; a 
moiety having the formula OR'; a moiety having 
the formula -SR'; or an amine; and 
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R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to form a piperidine deriva 
tive precursor having the formula: 

B 

C) O' 
-R 

(O) 

A. 

/-R " du-l-O-- 
CH 

41. A process according to claim 40, wherein Said con 
Verting further comprises: 

hydrolyzing the piperidine derivative precursor of the 
formula: 

B 

O 
R2 

A. 

th du-l-O-- 
CH 

under conditions effective to form the piperidine deriva 
tive having the formula: 

B 

C) O' 
-R 

(O) 

R2 

A. 

th du--O--co 
CH 
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42. A process according to claim 31, wherein n is 1 and 
wherein Said converting comprises: 

reacting the O.C.-disubstituted-methylbenzene derivative 
with a 4-(4-substituted-piperidin-1-yl)butanal or a 4-(4- 
Substituted-piperidin-1-yl)butyric acid derivative hav 
ing the formula: 

OH 

N O 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula R'; a moiety having the 
formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to produce an N-substituted 
hydroxypiperidine having the formula: 

OH 

A. 
N O CH 

(CH2)4-C – Z. 
CH 

and 

converting the N-substituted hydroxypiperidine with a 
diarylhalomethane having the formula: 

CO 
CH 

D 

wherein X" is a halogen 
under conditions effective to form the piperidine deriva 

tive compound of the formula: 
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B 

C) C. 
CH 

O 

A 

th ?o--O--on 
CH 

43. A process of preparing a piperidine derivative com 
pound of the formula: 

B 

C) O' 
-R 

(O) O 

R2 

A 
N O CH 

| 
(CH2)4-C -R 

CH 
B 

() (O." 
-R 

(O) 

R2 

A 

pi t du-l-O-- 
CH3 

wherein 

n is 0 or 1; 
R" is hydrogen or hydroxy; 
R is hydrogen; 
or, when n is 0, R' and R taken together form a second 
bond between the carbon atoms bearing R and R, 
provided that when n is 1, R' and R are each 
hydrogen; 
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R is -COOH or -COOR"; 
R" is an alkyl or aryl moiety; 

A, B, and D are the Substituents of their rings, each of 
which may be different or the same, and are selected 
from the group consisting of hydrogen, halogens, 
alkyl, hydroxy, alkoxy, and other substituents, 

Said process comprising: 

providing a 4-(O.C.-disubstituted)-toluic acid derivative 
having the formula: 

A 
O CH 

X4 - C -z 
CH 

wherein 

Z is -GGG, 
G, G, and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula OR"; a moiety having 
the formula -SR'; or an amine; and 

R. R', and R' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety and 

converting the 4-(C,C-disubstituted)-toluic acid deriva 
tive to the piperidine derivative compound with a 
piperidine compound. 

44. A process according to claim 43, wherein said pro 
viding the 4-(O.C.-disubstituted)-toluic acid derivative com 
prises: 

reacting a 4-(O.C.-diunsubstituted)-toluic acid derivative 
having the formula: 

A 
O 

X4 - C CH-Z 

with a methylating agent under conditions effective to 
produce the 4-(O.C.-disubstituted)-toluic acid deriva 
tive. 

45. (canceled) 
46. (canceled) 
47. A process according to claim 43, further comprising: 
reducing the piperidine derivative compound under con 

ditions effective to form a hydroxylated piperidine 
derivative compound of the formula: 
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B 

O C-OH 
C4-R1 

(O) 

R2 N O CH 

A. du-l-O--cool pi th CH du-l-O-- 51. A process according to claim 43, wherein the piperi CH 
3 dine derivative compound has the formula: 

48. A process according to claim 47, wherein the hydroxy 
lated piperidine derivative compound has the formula: 

CH 

O 

C-OH 

t hol-O--cool 
CH 

pi th 
--O--cool 52. A proceSS according to claim 43, wherein Said con 

H CH Verting comprises: 

reacting the 4-(O.C.-disubstituted)-toluic acid with a 3-(4- 
Substituted)piperidin-1-yl)propane derivative having 
the formula: 

49. A process according to claim 47, wherein the hydroxy 
lated piperidine derivative compound has the formula: 

B 

C).O." 
C4-R1 

CH 
(O) 

O 
R2 

N 

N OH CH 
(CH)-X 

citor- -cool 
H CH 

3 wherein 

X" is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 

50. A process according to claim 43, wherein the piperi- tuted Sulfonic ester, or Substituents useful in orga 
dine derivative compound has the formula: nometallic coupling reactions 
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under conditions effective to form a piperidine deriva- 54. A proceSS according to claim 43 wherein n is 1 and 
tive precursor having the formula: wherein Said converting comprises: 

B D reacting the 4-(O.C.-disubstituted)-toluic acid derivative 
with a 3-(4-Substituted-piperidin-1-yl)propane deriva 
tive having the formula: 

C4-R1 
OH 

(O) 

R2 

A. N 
N O CH 

(CH)-X (CH2)-C -z 
CH 

wherein 

v?. (E.g to claim 52, wherein Said con- X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
9. p borate, trialkyl Silicon, alkylhalo Silicon, a Substi 

hydrolyzing the piperidine derivative precursor of the tuted Sulfonic ester, or Substituents useful in orga 
formula: nometallic coupling reactions 

under conditions effective to produce an N-substituted 
B hydroxypiperidine having the formula: 

CS O 
-R OH 

(O) 

R2 
A. 

N O CH 
A. | 

th (CH)-C -z 
du-l-O-- CH 

CH 

under conditions effective to form the piperidine deriva- and 
tive having the formula: converting the N-substituted hydroxypiperidine with a 

diarylhalomethane having the formula: 

C).O. " - .D 
-R Ó C. 

2 CH 
R 

X4 

CH 

CH)-C C-COOH (CH2)3 -O- wherein X" is a halogen 
CH 

under conditions effective to form the piperidine deriva 
tive compound of the formula: 
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B 

C) C. 
CH 

h 

N O A. CH 

i-I-O--on hi, 
55. A regioisomer having the formula: 

A. 

th () , 
CH 

wherein 

Z is -CGG’G, 
G", G, and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is halogen, OR', SR', NR'R'', OSOR', or 
NHSOR; 

R. R. R', and R'' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety; and 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group 
consisting of hydrogen, halogens, alkyl, hydroxy, 
alkoxy, and other Substituents. 

56. (canceled) 
57. A process of preparing a regioisomer of the formula: 

A. 

X3 
CH 

O 

wherein 

Z is -GG’G, 
G", G, and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRR): 
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X is halogen, OR', SR', NR'R'', OSOR', or 
NHSOR; 

R. R. R', and R'' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety; and 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group 
consisting of hydrogen, halogens, alkyl, hydroxy, 
alkoxy, and other Substituents, 

Said process comprising: 
acylating an O.C.-disubstituted-methylbenzene derivative 

having the formula: 

A. 

th e-O-- 
CH 

wherein 

X" is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

with a compound having the formulae: 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula OR'; a moiety having 
the formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to produce the regioisomer. 
58. A process according to claim 57 further comprising: 
reacting an O.C.-diunsubstituted-methylbenzene deriva 

tive having the formula: 

A. 

x-O)-cis 
with a methylating agent under conditions effective to 

produce the O.C.-disubstituted-methylbenzene deriva 
tive. 

59. (canceled) 
60. (canceled) 
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61. A process of preparing a regioisomer of the formula: 

A. 

t 
C-Z 

X3 
CH 

O 

wherein 

Z is -CGGG, 
G, G', and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is halogen, OR', SR', NR'R'', OSOR', or 
NHSOR; 

R. R. R', and R'' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety; and 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group 
consisting of hydrogen, halogens, alkyl, hydroxy, 
alkoxy, and other Substituents, 

Said process comprising: 

providing an O.C.-diunsubstituted regioisomer precursor 
having the formula: 

CH-Z 

and 

methylating the O.C.-diunsubstituted regioisomer precur 
Sor under conditions effective to produce the regioiso 
C. 

62. A process according to claim 61, wherein Said pro 
Viding the O.C.-diunsubstituted regioisomer precursor com 
pr1SeS: 

acylating an O.C.-diunsubstituted-methylbenzene deriva 
tive having the formula: 

X1 CH-Z 

wherein 

X is hydrogen; a halogen, trialkyl or triaryl tin, trialkyl 
or triarylborate, trialkyl Silicon, alkylhalo Silicon, a 
Substituted Sulfonic ester, or Substituents useful in 
organometallic coupling reactions 
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with a compound having the formula: 

X2 

X3 ~ 
O 

O 

x31N1 Ne=N 

wherein 

X is a halogen; an alkali metal oxide; a moiety having 
the formula -OR'; a moiety having the formula 
-SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

under conditions effective to produce the O.C.-diunsub 
Stituted regioisomer precursor. 

63. A proceSS according to claim 61, wherein Said pro 
Viding the O.C.-diunsubstituted regioisomer precursor com 
prises: 

acylating a 4-(C,C-diunsubstituted)-toluic acid derivative 
having the formula: 

A. 
O 

X4-C CH-Z 

wherein 

X is a halogen; an alkali metal oxide; a moiety having 
the formula -OR'; a moiety having the formula 
-SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

with a compound having the formula: 

31N1\ 

wherein 

X is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

under conditions effective to produce the O.C.-diunsub 
Stituted regioisomer precursor. 
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64. A process of preparing a regioisomer of the formula: 

A. 

th 
C-Z 

X3 
CH 

O 

wherein 

Zis-CGGG, G, G, and Gare the same or different 
and are selected from the group consisting of OR, 
SR, and NRR): 

X is halogen, OR', SR', NR'R'', OSOR', or 
NHSOR'; 

R. R. R', and R'' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety; and 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group 
consisting of hydrogen, halogens, alkyl, hydroxy, 
alkoxy, and other Substituents, 

Said process comprising: 

reacting a 4-(C.C.-disubstituted)-toluic acid derivative 
having the formula: 

A. 
O CH 

CH 

wherein 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula CR'; a moiety having 
the formula -SR'; or an amine; and 

R" is selected from the group consisting of hydrogen, 
an alkyl moiety, and an aryl moiety 

with a compound having the formula: 

1N1)- 

wherein 

X" is a halogen, trialkyl or triaryl tin, trialkyl or triaryl 
borate, trialkyl Silicon, alkylhalo Silicon, a Substi 
tuted Sulfonic ester, or Substituents useful in orga 
nometallic coupling reactions 

under conditions effective to produce the regioisomer. 
65. A process according to claim 64 further comprising: 

reacting a 4-(O.C.-diunsubstituted)-toluic acid derivative 
having the formula: 
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A. 
O 

X4-C CH-Z 

with a methylating agent under conditions effective to 
produce the 4-(C.-O-disubstituted)-toluic acid deriva 
tive. 

66. (canceled) 
67. (canceled) 
68. A 4-(O.C.-disubstituted)-toluic acid derivative having 

the formula: 

A. 
O CH 

CH 

wherein 

Z is GGG, 
G", G, and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRSR; 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula -OR'; a moiety having 
the formula -SR'; or an amine; 

R. R', and R' are the same or different and are 
Selected from the group consisting of hydrogen, an 
alkyl moiety, and an aryl moiety; and 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group 
consisting of hydrogen, halogens, alkyl, hydroxy, 
alkoxy, and other Substituents. 

69. (canceled) 
70. A 4-(O.C.-diunsubstituted)-toluic acid derivative hav 

ing the formula: 

A. 
O 

X4-C CH-Z 

wherein 

Z is -GGG, 
G", G, and G are the same or different and are 

selected from the group consisting of OR, SR, and 
NRR): 

X is hydrogen; a halogen; an alkali metal oxide; a 
moiety having the formula -OR"; a moiety having 
the formula -SR'; or an amine; 
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R. R', and R' are the same or different and are consisting of hydrogen, halogens, alkyl, hydroxy, 
Selected from the group consisting of hydrogen, an alkoxy, and other Substituents. 
alkyl moiety, and an aryl moiety; and 71. (canceled) 

A is the Substituents of its ring, each of which may be 
different or the same and are Selected from the group k . . . . 


